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INTRODUCTION 
INTRODUCTION 
During the past decade or so structural investigations 
of the boron compounds have become of increasing interest 
and importance, although molecular addition compounds of 
boron halides have been known for about one hundred and 
fifty years. Monoammonia-boron trifluoride was already 
prepared by Gay Lussac in 1809 (1) and studied by Davy (2). 
These molecular addition compounds can also be described as 
donor-acceptor compounds since the boron atom readily co-
ordinates with donor atoms such as nitrogen, for example, 
which can donate a lone pair of electrons to boron to com-
plete its octet. 
It is generally recognized that determination of the 
nature of the donor-acceptor bond in complex compounds is an 
important problem in crystal chemistry, and various reviews 
have been concerned with this problem in recent years (3,4). 
The nature of the donor-acceptor bond differs from that of 
the covalent bond ,to the extent that in the former type of 
bond a complete electron pair is supplied by t he donor atom, 
/ / / 
1. Gay Lussac, J. Memoires de la Societe d' Arcueil ~' 
211 (1809). 
2. Davy, J. Phil. Trans. 30, 365 (1812). 
3. Stone, F.G.A., Chem. Rev . ~' 101 (1958). 
4. Nyholm, R. s., Rev . Pure Applied Chem. ~' 15 (1954). 
whereas the usual covalent bond implies the sharing of one 
electron from each of the two bonded atoms. 
The investigation of the crystalline complex formed by 
the combination of pyridine and boron trichloride, which is 
described in this thesis, constitutes the beginning of a 
structure determination which will eventually result in a 
complete knowledge of bond distances and bond angles within 
the molecule, and knowledge of the packing of molecules in 
the crystal. 
BC13 , a planar molecule with Cl-B-Cl angles of 120° as 
shown by electron diffraction (5) and studies of Raman spectra (6) 
has been found to react with a rather large number of other 
substances, as could be expected from its electron deficient 
character. An early report by Martin (7) listed 7 elements 
which had been reported as capable of coordinating with the 
boron atom of BC13 , these being nitrogen, phosphorous, areenic, 
oxygen, sulfur, chlorine and fluorine. Martin also noted from 
data obtained in his studies that in view of the numerous com-
pounds containing nitrogen which form complexes with BC13, the 
5. Levy, A. H. and Brockway, L. 0., J. Am. Chem. Soc., 
22· 2085 (1937). 
6. Anderson, T. F., Lassettre, E. N. and Yost, D. M., 
J. Chem. Phys., ~' 703 (1936). 
7. Martin, D. R., Chem. Rev., 34, 461 (1944). 
2. 
nitrogen atom seems able to coordinate regardless of whether 
it is ammonia, an alkyl amine, an aromatic amine, a cyanide, 
nitrile or nitrogen tetroxide. 
Data from studies of the trichlorides of Group III with 
pyridine (8} indicate that in general, the larger the atomic 
number of the Group III acceptor atoms, the greater the num-
ber of pyridine molecules with which the boron trichlorides 
can coordinate. Boron trichloride forms a 1:1 complex with 
0 pyridine with a melting point of 115 , and there is an in-
dication of formation of a 1:2 compound BC132c5H5N which 
0 
melts incongruently at 56 and which does not exist in the 
liquid state. Aluminum trichloride forms both 1:1 and 1:2 
complexes with pyridine (9,10} and also a 1:3 complex (10). 
Gallium trichloride forms 1:1 and 1:2 complexes but no 1:3 
complex (11,12). In each case the 1:1 complex is the more 
stable. Studies with Indium trichloride show that it forms 
no 1:1 or 1:2 complexes with pyridine, but it does form 
8. Greenwood, N. N. and Wade, K., J. Chem. Soc., 1134 
(1960). 
9. Eley, D. D. and Watts, H., J. Chem. Soc., 1914 (1952). 
10. Van Dyke, R. E. and Crawford, H. E., J. Am. Chem. Soc., 
z.2., 2022 (1951). 
11. Greenwood, N. N., Wade, K., Perkins, P. G., I.U.P.A.C. 
Congress (Inorg. Chem. Sec.) Paris, 491 (1957). 




H5N (13). Thallium trichloride forms 1:2 and 1:3 
complexes (14). The reaction of a Group III acceptor 
molecule with an electron donor does not always yield a 
molecular addition compound as a final product, since the 
addition compound which is formed has a tendency to de-
compose through ionization of the molecule or the elimi-
nation of small molecules like hydrogen or methane from the 
complex (3). 
Up to the present time, there are some seven donor-
acceptor compounds involving the B-N bond for which x-ray 
structural determinations have been reported in the literature. 
Hoard and his associates have made x-ray diffraction studies 
of ammonia-boron trifluoride (15), monomethylamine-boron 
trifluoride (16), trimethylamine-boron trifluoride (17), 
its isomorph, trimethylamine borane (18), and methyl cyanide 
13. Renz, z., Anorg. Chem., 36, 101 (1903); Dennis, L. M. 
and Geer, w. c., J. Am. Chern. Soc.,~. 437 (1904). 
14. Meyer, z., Anorg. Chern., ~. 347 (1900). 
15. Hoard, J. L., Geller, s. and Cashin, W. M., Acta Cryst., 
i' 396 ( 1951) • 
16. Geller, s. and Hoard, J. L., Acta Cryst., 2• 121 (1950). 
17. Geller, s. and Hoard, J. L., Ibid. i• 399 (1951). 
18. Geller, s., Hughes, R. E., Hoard, J. L., Ibid. i• 380 
(1951). 
4. 
boron trifluoride (19). Zvonkova (20) determined the struc-
ture of c5u5NBF3 by x-ray diffraction and Lipscomb (21) de-
termined NH3BH3 • Table I (22) shows the var~ous B-N and B-F 
bond distances, F-B-F bond angles, and heats of d~ssociation 
for these compounds. 
Geller (23), in comparing various B-N bonds with each 
other and with C-C bonds, considered cubic boron nitride as 
the ideal tetrahedral covalent bond with which to compare the 
donor-acceptor bonds, based on the following relationship. The 
difference between the c-c bond lengths in graphite and diamond 
is .12 ~. Boron-nitride crystallizes with the graphite form with 
a B-N bond distance of 1.45 i. If boron-nitride is crystallized 
in one of the SiC forms related to diamond, it seems reasonable 
to expect an increase of .12 i in the B-N bond distance compar-
able to that for carbon in going from graphite to diamond. This 
would make the B-N distance 1.57 i which is exactly the B-N bond 
length in cubic boron-nitride. Thus the B-N donor-acceptor 
bond may be compared with the B-N bond in cubic boron-nitride 
19. Hoard, J. L., Owen, T. B.' Buzzell, A. and Salmon, 0. N., 
Acta Cryst., .2_, 130 (1950). 
20. Zvonkova, z. v.' Krist. SSSR. v. 1' No. 1, 73-80 (1956). 
21. Lipscomb, w. N •' J. Am. Chem. Soc., Z§., 503 (1956). 
22. Hoard, J. L., Geller, S. and Owen, T. B., Acta Cryst., 
!t, 405 (1951). 
23. Geller, S., J. Phys. Chem. Solids, Vol. 10, No. 4, 
340-341, Permagon Press, Gr. Britain (1959). 
TABLE I 
GOMPARISON OF B- N AND B- F BOND DISTANCES, L. F-B-F , AND 6 H 












B .. N B-F L F-B-F D. H* 
i i cal/ mole 
NH3BF3 1.60 1.38 111° 42,000 
NH3BH3 1.60 
(CH3 )NH2BF 3 1.57 1.39 110.5° 42,700 
(CH3 )3NBF 3 1.585 1.39 107° 
(CH3 )3NBH3 1.585 
CH3CN-BF3 1.33 114° 26,000 
c5H5NBF3 1.53 1.41 109.5° 
BF3 1.30 120° 
Heat of dissociation of the solid compound in the 
reaction AB(s) = A(g) + B(g) 
Heat of dissociation of the gaseous compound in the 
reaction AB(g) = A(g) + B(g) 
Reference No. 5 
AH .. 
cal/ mole 





just as the c-c bond in ethane may be compared with that in 
diamond. Geller also suggested that since the B-N bond in 
H2MeN-BF3 has the same length as that in cubic boron-nitride, 
it should be considered as a single bond. Then the other 
donor-acceptor bonds would be either longer (weaker) or short-
er (stronger) than a single bond. 
The studies by Hoard, Geller and co-workers (22) provide 
evidence that the length of the donor-acceptor bond varies 
with the character of the substituent groups attached to the 
donor atom. For example, the difference between the average 
value 1.58i of B-N bond distance in the three relatively stable 
amine boron trifluorides and the 1.635i in the quite unstable* 
H3ccN-BF3 (Table I) is significant and correlates with the 
relative stabilities. The shortest B-N bond distance observed 
in any of the complexes, 1.53i, is .03i greater than the 1.5oi 
value predicted by Schomaker and Stevenson (24). 
Changes in the B-F bond distances of the BF3 molecule 
with formation of the donor-acceptor bond also depend on the 
relative stability of the resulting complex. The BF3 molecule 
• In contrast to the three amines, the methyl cyanide 
complex is completely dissociated into its components 
at 50 ° C • (Ref • 19 ) • 
24. Schomaker, V. and Stevenson, D. P., J. Am. Chem. Soc., 
63, 1394 (1941). 
?. 
undergoes less change in bond distance and configuration in 
forming t he methyl cyanide boron trifluoride complex than in 
t he case of other compounds in Table I. In t he more s table 
compounds the B-F bond distance approaches the value 1 . 39i 
predicted by Bauer and Beach (25). 
The nitrogen atoms in the compounds listed in Table I 
are in 3 basic valency states (20). 
(1) 3CI bonds (NH3 ) 
(2) 2 a- and l lf bond (c5a5N) 
(3) l <r and 2 1T bonds (CH3CN) 
The thermodynamic data in columns 4 and 5 of Table I(26,27,28} 
show that the ~ H of dissociation is smallest for CH3CN-BF3 , 
and also indicate that the donor-acceptor bond strength is 
maximum for the second valency state of the nitrogen atom. The 
F-B-F angle of 109.5° in c5H5N-BF3 indicates that the boron atom 
is in the sp3 hybridization or tetrahedral configuration. 
From studies comparing BC13 and BF3 , Martin (7) assumed 
that BF3 should form complexes more readily than BC13 for two 
reasons: 1. On the basis of the size of the chlorine and 
fluorine a t oms, steric hindrance to the formation of complex 
25. Bauer, s. H. and Beach, J. Y., J. Am. Chem. Soc., 
63, 1394 (1941). 
26. Skinner, H., Smith, N. B., J. Chem. Soc., ~' 4025 (1953). 
27. Phillips, J. S., Hunter, and Sutton, L. E., J. Chem. 
Soc., London, 158 (1945). 
28. Van der Meulen, P. A., Heller, H. A., J. Am. Chem. 
Soc., 2!, 4404 (1932). 
8. 
compounds might occur more readily with BC13 ; and 2. Fluorine 
is more electronegative than chlorine. However, thermo-
chemical studies of the boron trihalides (29) have establish-
ed that the electron acceptor strength of boron trichloride 
towards pyridine is greater than that of boron trifluoride, 
and less than that of boron tribromide. These results were 
obtained by determining the molar heats of the reaction of 
the three boron trihalides with nitrobenzene and also the 
molar heats of reaction of these boron trihalides with pyridine 
in nitrobenzene. Then using these data the relative bond 
dissociation energies of the pyridine boron trihalides were 
calculated, providing a measure of the relative strengths of 
the trihalides as Lewis acids. These values differ from those 
obtained for the heat of formation of crystalline complexes 
of boron trichloride and boron tribromide with pyridine(30) 
from the component molecules by only 1 kcal. · All these data 
are summarized in Table II. The order of acceptor power 
BF3 ( EC13 < BBr3 observed by Brown and Holmes is contrary to 
the expected order of the acceptor power on the basis of 
electronegativity and steric conditions. 
29. Brown, Herbert G. and Holmes, Robert R., J. Am. Chem. 
Soc.,~. 2173 (1956). 







nEATS OF REACTION OF BORON HALIDES WITH NITROBENZENE, 
WITH PYRIDINK, AND WITH PYRIDINE IN NITROBID~ZENE 
Molar Heats of Sol'n of Boron Halides in 
0 Nitrobenzene at 25 C. 
BF3 ( } ) + c6H5No2 ( 1 ) = c6H5No2 : BF3 (so1'n) 
BC13 ( J. ) + " = c6H5No2 : BC13(so1'n) 
BBr3 ( J ) + " = c6H5No2 : BBr3(sol'n) 
Molar Heats of Reaction or Boson Halides with 
Pyridine in Nitrobenzene at 25 C. 
BF3 (sol'n) + c5H5N (sol'n) = c5H5N BF3 (sol'n) 
BC13(sol'n) + " • c5H5N BC13(sol'n) 
BBr3(sol'n) + 
II 
= c5H5N BBr3(sol'n) 
Calculated Heats of Fgrmation of the Complexes 
in Nitrobenzene at 25 C. 
BF3 ( .f ) + c5H5N (sol'n) = c5H5N 
. BF3 (sol'n) . 
BC13 ( 1 ) + " = c5H5N BC13Csol'n) 
BBr3 ( i ) + " = c5H5N BBr3(so1'n) 
Calculated Heats of Formation or Crystalline 
0 Complexes at 25 C. 
BC13 ( ~ ) + c5H5N ( ,f ) = c5H5N BC13 (c) 
BBr3 ( ~ ) + C5H5N ( J ) = c5H5N . BBr3 (c) . 
10. 














Another study (31) involving the question of relative 
acceptor power is one in which the enthalpy of the reaction 
(C6H5 )2o ( £ ) + BC13 (g) ~ (c6n5 )2o • BC13( Q) is found 
to be -5.3 kcal/mole, whereas the phenyl ether complex of 
BF3 does not exist under the same conditions (32). This is 
further indication that BC13 is a better acceptor than BF3 • 
The same order of acceptor power was also found to apply 
with compounds containing Arsine as the donor (3). For 
example, H3As.BC13 (33) and H3As.BBr3 (34) are known, whereas 
H3As.BF3 (35) is not. 
Investigation of the dipole moment of pyridine- and 
trimethylamine-boron trihalide complexes in benzene solution (36) 
have shown that the change of dipole moment due to complex 
formation is in the order of BF3< BC13 < BBr3 , as can be under-
stood from the greater polarity of the B-X bond in the heavier 
halides. This order of increasing acceptor power was inter-. 
preted as resulting from a decrease in the electrostatic 
31. Healy, R. M. and Palko, A. A., J. Chem. Phys., ~' 
213 (1958). 
32. Bowlus, H. and Nieuwland, J. A., J. Am. Chem. Soc., 
22t 3835 (1931). 
33. Stieber, A., Compt. rend. !22• 610 (1932). 
34. Stock, A., Ber. 34, 949 (1901). 
35. Martin, D. R. and Dial, R., J. Am. Chem. Soc. , 72 
852 (1950). 
36. Bax, C. M., Katritsky, A. R., Sutton, L. E., J. Chem. 
Soc., 1254-1258 (1958). 
11. 
repulsion between the B-X bond electrons and the lone pair 
electrons on the ligand as the B-X bond distance increases. 
To account for this observed order of the acceptor power, 
it has been suggested (29) that resonance must be a major fac-
tor in determining the relative acceptor properties of the 
boron halides. Pauling (37) observed a shortening of the 
boron to fluorine bond distance in BF3 {1,26i) as compared 
with the distance calculated for one single bond (1.37i com-
puted from the boron radius .8oi and the fluorine radius .72i 
with the electronegativity correction), which led him to sug-
gest that resonance structures of the following type must con-
tribute s:rongly to BF3 • 







Since resonance structures of this kind are not possible in 
the molecular addition compounds, such resonance will reduce 
the tendency of the boron halides to add to a lone pair. The 
37. Pauling, Linus, The Nature of the Chemical Bond. Ithaca, 
New York: Cornell Univ, Press. (1948) p. 238. 
12. 
ability to form double bonds appears to decrease sharply in 
the heavier halogen elements. It has been suggested (38) that 
the order of acceptor strengths is a result of the very large 
effect of the boron-halogen~ bonding in the over-all re-
organization energy required to transform the boron halide 
molecule from its normal ground state configuration into a 
state where it can accept a pair of electrons from the donor 
molecule. By means of a simple molecular orbital calculation 
of bond energies, Cotton and Leto (38) confirmed the view that 
the energy of reorganization from the planar to the tetrahedral 
configuration decreases in the sequence BF3) BC13) BBr3• 
Stone (3) observed that for the majority of Group III 
acceptor atoms, the ability to form molecular addition com-
pounds decreases going down groups V and VI of the Periodic 
Table with increasing atomic size. This is illustrated by 
Bauer (39) who notes that the stability of BF3 adducts with 
trimethyl derivatives of Group V elements decreases in the order 
N)P>As.., Sb. In Group VI, the order of coordination towards 
BF 3 also decreases in the order 0 ') S ') Se. 
38. Cotton, F. A. and Leto, J. F., J. Chem. Phys., Z£, 993 
(1959). 
39. Bauer, s. H., J. Am. Chem. Soc., ~' 5??5 (1956). 
The x-ray structural analysis of pyridine-boron tri-
fluoride as determined by Zvonkova (20) establishes that 
the unit cell is monoclinic and that there are 8 molecules 
per unit cell. The cell dimensions are: a= 17.71 i, 
b = 5.89 i, c = 14.34 i, p = 118° 42•. The space group 
is C~h - P 21/c. This structural determination is of par-
ticular interest since there is a possibility that the 
structure of pyridine-boron trichloride may prove to be 
very similar. Figure 1 . gives the interatomic bond dis-
tances and angles in Zvonkova's compound. Unfortunately 
it cannot be ascertained from the publication (20) how 
good the structure determination is, since neither a 
reliability factor R nor a listing of observed and cal-
culated structure factors is given. The free boron tri-
fluoride molecule is planar as shown by electron diffraction(5), 
2 infrared (4o, 41) and Raman spectra (42) and has sp hybrid-
ization. In this molecule there are only six electrons 
40. Bailey, c. R., Hale, J. B., Thompson, J. W., Proc. 
Roy. Soc., 161, 107 (1937). 
41. Gage, D. M., Barker, E. F., J. Chem. Phys., z, 
455 (1939). 
42. Yost, D. M., de Vault, D., Anderson, T. F. and 
Lassettre, E. N., J. Cbem. Phys., ~~ 424 (1938). 
14. 




• • Llo" I.DI\ N 
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around the boron atom, and the empty orbital can accommodate 
an electron pair. As the boron atom of the BF3 molecule accepts 
a lone pair of electrons from the nitrogen atom of the planar 
pyridine molecule, the bonds of the BF3 molecule will change 
from planar to tetrahedral while the hybridization changes 
from sp2 to essentially sp3 • This constitutes the donor-
acceptor B-N bond between the BF3 molecule and the pyridine 
molecule. The preceding facts may also apply to pyridine-boron 
trichloride. 
The 1:1 addition compound pyridine-boron trichloride was 
first reported by Gerrard and Lappert (43). Greenwood and 
Wade (8) were the first to report a structural investigation 
of pyridine-boron trichloride. Their studies showed that the 
physical properties of the four compounds boron trichloride-
pyridine and piperidine and gallium trichloride-pyridine and 
piperidine are remarkably similar. The physical properties 
of pyridine-boron trichloride and piperidine-boron trichloride 
were compared with those of the reacting components, BC13 , 
pyridine and piperidine (11) and it was found that the melting 
point, density, surface tension and viscosity were increased 
by complex formation. The studies made by Greenwood and Wade(l2) 
on pyridine and piperidine-gallium trichloride gave similar 
43. Gerrard, W. and Lappert, M. F., J. Chem. Soc., 1020 
(1951). 
16. 
results. They considered the most striking effect of complex 
formation to be an increase in electrical conductivity in the 
4 
molten state by a factor of 10 as compared with the conduc-
tivity of the components. In the absence of direct evidence 
as to what ions were present and the extent of dissociation, 
four possible structures were inferred for c5H5N-BC13 , the 
most favorable one to be selected by a process of elimination. 
It seems of interest to examine these possible structures 
individually, since they are pertinent to the structure 
determination reported here. In considering the following 
structures one should bear in mind that the compound in the 
molten state and the compound in the solid state do not 
necessarily have the same structures, so that the possibil-
ities are to be considered separately for each state of ag-
gregation. 
Structure I 
I The simple 1:1 complex structure in which the N lone pair 
of electrons is donated into the vacant boron orbital is 
unsatisfactory for the molten state because it does not 
explain the high electrical conductivity. However, for 
solid pyridine-boron trichloride, a detailed examination 
of the infrared spectrum (8) shows that its structure is 
17. 
18. 
probably consistent with the formula c5H5N~BC13(Structure I). 
The same is true for the compound in benzene solution. This 
is also the structure found by Zvonkova for pyridine-BF3 • 
Structure II 
II Structure II explains the high electrical conductivity of 
the molten complex. However, ionization of a chloride ion 
is unlikely as it leaves the boron atom electron deficient 
in the presence of a strong electron donor, Cl-. The 
+ 
cation [c> HsN - :~a2J in structure II could be stabilized 
by adding another molecule of pyridine to give [<c5H5N)2BC12]~1-, 
the structure suggested for the 2:1 complex. 
Structure III 
III The third possibility for a 1:1 complex involves splitting 
off a proton from the pyridine molecule, which is unlikely 
for three reasons: 1. The most outstanding reason is that 
no hydrogen is evolved on electrolysis. 2. There is no 
means of solvating the proton except by interaction with 
chlorine atoms, which appears improbable. One would expect 
from this structure the characteristic instability of acids 
ionized in anhydrous f orm instead of the observed stability. 
3. Particularly for the solid state, solvation with a second 





NH ]+ [ c5H4N~BC13J-, but the 2:1 compound would be 
more stable than the 1:1 compound. Phaee studies (11) have 
shown that the opposite is true. 
Structure IV 
IV Structure IV, which accounts for the conductivity in the 
molten state can be seen to be dimerie. No H2 would be 
evolved on electrolysis. Up to this poi nt, Structure IV 
seems to be the most favorable for the molten compound. 
No conclusive data are available for the structure of the 
ions formed in the molten state, although it appears that 
the molten compounds are ionically dissociated to the ex -
tent of about 1%. 
19. 
PREPARATION OF CRYSTALS FOR X-RAY ANALYSIS 
For the structural study of pyridine-boron trichloride 
the following crystals were used. They are numbered for con-
venience in designating the particular preparation being dis-
cussed in later parts of this thesis. 
Preparation 1. This preparation was obtained through 
the courtesy of Professor F.G.A. Stone of Harvard University. 
It was prepared by direct reaction of the components in a 
vacuum line and subsequent recrystallization from water. The 
crystals were very small, thin, transparent flakes which were 
slightly hygroscopic. A powder diagram of this material was 
taken with the Norelco Diffractometer since no usable single 
crystals were found in this preparation. 
Preparation 2. This substance, likewise obtained from 
Professor Stone, differed from the first one in that it had 
been purified by vacuum sublimation rather than recrystal-
lization. The crystals were much larger than those of prepa-
ration 1, viz. approximately of a size 4 x 3 x 2 mm., general-
ly rectangular in shape and colorless. These crystals were 
exceedingly hygroscopic, which necessitated using a special 
dry box technique to transfer the crystals from their container 
to a thin-walled glass capillary (44). A rotation photograph 
44. McGandy, Edward L., Ph.D. Dissertation, Chem. Dept., 
Boston University (1959). 
20. 
and a zero-level Weissenberg film, both of very poor quality, 
were obtained from these crystals. The following rough cell 
dimensions cou1d be determined (45): 
dlOO = 4•8o ~ 
dOlO = 7.71 i 
c = 8.34 ~ 
The angle between (100) and (010) was measured at 90°. It is 
not possible to tell from the data obtained whether the crystal 
is monoclinic or orthorhombic and the stability of the crystals 
was insufficient to obtain more data. 
Preparation 3· This preparation was obtained by sub-
liming the material from preparation 1 in a vacuum line. It 
consisted of non-hygroscopic white flakes. A thin platelike 
crystal of this material was mounted on the Weissenberg camera 
and the following cell dimensions were determined from the 
films: dOlO = 15.1 ~ 
dlOO = 8.7 i 
c = 6.14 ~ 
~ (100)(010) = 90° 
Preparation 4 . The material from preparation 1 . was re-
crystallized from ethanol, giving new crystals which were 
McLachlan, D., X-R!f Crystal Structure. New York: 
McGraw-Hill Book Co. 1957) P• 138. 
21. 
colorless, thin plates, completely non- hygroscopic, so that 
no capillaries were needed for mounting them . Zero and first 
level Weissenberg photographs were taken of two different 
single crystals . 
parameters: 
The first crystal gave 
dOlO = 15.1 i 
dlOO = 5-5 i 
c = 9.8 i 
~ (100)(010) = 90° 
the following cell 
The second crystal reproduced the cell parameters reported in 
preparation 3. On the basis of the data obtained from os-
cillation pictures and zero level Weissenberg photographs 
of preparations 3 and 4, it appears that the two methods of 
purification used for these preparations result in the same 
material with the same crystal form. Also, a powder diagram 
taken from the material in preparation 4 was identical with 
that taken from the material in preparation 1. The 
Weissenberg photographs obtained from preparation 4 are not 
suitable for intensity estimation as the reflection spots 
are very wide streaks, especially in the upper level. 
Preparation 5 . This substance was prepared by direct 
reaction of appropriate amounts of the components in benzene. 
10.4 ml. of liquid BC13 was transferred slowly into 10 ml . of 
pure pyridine in a small amount of dry benzene as solvent. 
On completion of the reaction the compound was crystallized 
22. 
from benzene and transparent, colorless crystals were ob-
tained. The crystals were in the form of plates of a size 
up to 5 x 4 mm. and 1 mm. thick. They can be grown even 
larger if this should be necessary. These crystals were 
non-hygroscopic. The melting point was determined at 115°C 
which is in exac.t agreement with the literature value (46). 
The infrared spectrum was also found to be identical with 
that reported in the literature (46). The compound prepared 
as described above was submitted to the Schwarzkopf Micro-
analytical laboratory in New York for quantitative chemical 
analysis. The results obtained were in excellent agreement 
with the theoretical values as tabulated in Table III. 
TABLE III 
Theoretical Value Experimental Value 
% c 30.59 30.68 
% H 2.57 2.62 
% N 7 .13 7.20 
% Cl 54.19 54.19 
A powder diagram of this material was also obtained and was 
found to be similar to those taken from the material in 
46. Greenwood, N. N. and Wade K., J. Chem. Soc., 1131, 1135 
(1960 ). 
23. 
preparations 1 and 4. The density, determined by means of 
the flotation method in cc14 and benzene solution was 
1. 57 gms/ml. 
A single crystal of approximately cubic shape and 0.15 mm. 
on edge (Fig. 2) was taken from this preparation and placed 
on top of a thin glass rod by means of shellac. The glass 
rod was in turn placed on a copper rod which was held on a 
goniometer head. The system was then mounted on a Weissenberg 
camera. Rotation photographs and zero-level Weissenberg ex-
posures were taken using Cu radiation, the rotation axis 
being a. A nickel filter was used. From these films the 
following approximate unit cell dimensions were derived: 
dOlO = 15.2 i 
dOOl = 6.07 i 
a :a 9.02 i 
Photographs of levels zero through five were made using the 
multiple film technique (47). This set of photographs was 
subsequently used for intensity measurements, and was also 
used for scaling the reflections on the Weissenberg films 
taken around the c axis. A second single crystal of prepa-
ration 5 was taken and oriented around the c axis, and 
Weissenberg exposures were taken of levels zero through four. 
47. Buerger, M. J., Crystal Structure Anal~sis. 
John Wiley and Sons Inc. (1960) pp. 86-8 • New York: 
24. 
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the hko zone of this set was used for proper scaling of the 
reflections from the various levels rotated around the a axis. 
The dimensions of this crystal are shown in Figure 3. The 
cell dimensions obtained from the crystal oriented around 
the c axis are: 
dOlO = 15.1 i 
dlOO = 8.8 i 
c = 6.14i 
In each of the 11 layers, the exposure time for each pack of 
3 films was 1, 10 , and 60 hours respectively. 
A third crystal of preparation 5 was oriented around the 
b axis, and the cell dimensions derived were as follows: 
b = 15.1 i 
dlOO = 8.8 i 
dOOl = 6.o7i 
The jB angle measured in this Weissenberg film was 103°. This 
establishes the fact that the unit cell is monoclinic. 
26. 
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DETERMINATION OF SPACE GROUP AND ACCURATE UNIT CELL DIMENSIONS 
The absences found from the Weissenberg films are 
tabulated in Table IV. 
TABLE IV 





Absent when h + 1 = 2n + 1 
Absent when k = 2n + 1 
p 
n 
This leads to the unique assignment of space group P 21/n (C~h). 
The arrangement of the symmetry elements for this space group 
is shown in Fig.4. This is not a space group which occurs 
as such in the International Tables, but is equivalent to 
space group P 21/c (C~h) (48). 
It is important at this point to correlate the values 
found for the cell dimensions in the case of preparations 3, 
4, and 5. The relationship between them can best be seen from 
Figure 5 which represents the a-c plane for all cases. Si nce 
the absences listed in Table IV pertain to indices based on 
48. International Tables for X-Ray Crystallography, Vol. I, 
Birmingham: The Kynoch Press (1959). 
28. 
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a = 9.02 i and c = 6.14 i, we shall consider these axes to 
be our basic a and c axes . The axis of 9.8 ~ (arbitrarily 
called c in prep. 4) then turns out to be the [1o1J axis, 
or a-c face diagonal. 
Since the approximate cell dimensions and the space 
group are known, the powder diagrams can now be indexed ~n 
order to obtain more accurate cell dimensions. Appendix III 
gives the detailed calculations for finding the accurate cell 
dimensions. All the 2Q values were recorded from the powder 
diagram. From these values, the observed sin2Q values were 
computed (p. 75 ,76). The basic equation for calculating sin2Q 
for a monoclinic system (49) is: 
where h, k, 1 are 
A a
A = 
sin2Q = h2A + k2B + 12c - hlD 
the Miller indices and 
).a. 
B = C = Lj/,.& D = 
Calculation of the accurate values for A, B, C, and D was done 
in the following way. Using the approximate values of the cell 
dimensions in preparation 3 (p. 21) and using hkl values ob-
tained from the strong refl ections found on the Weissenberg 
photographs in preparation 5, the calculated sin2Q were com~uted 
49. Aziroff, L. v. and Buerger, M. J., The Powder Method In 
X-Ra~ Crystallography. New York: McGraw-Hill Book Co. 
(195 ) P• 90. 
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and compared with the observed sin2Q. Thus 31 peaks (p. 7?) 
were chosen a.s a system of simultaneous linear equations, the 
best solutions of which were derived by means of the l east 
squares method. The normal equations were obtained by least 
2 squaring the observed and calculated sin Q, and were solved 
by the inverse matrix method (p. ?8). From the value of 
constants A, B, C, and D, the best cell dimensions for the 
monoclinic case were finally derived. Table V summarizes the 
crystal data obtained up to this stage of the investigation. 
32. 
TABLE V 
CRYSTAL DATA FOR PYRIDINE-BORON TRICHLORIDE 
Chemical formula 
Space group 
Unit cell parameters 
Flotation density for a 
single crystal 
No. of molecules I unit cell 
X-ray density 
Linear absorption coefficient 
c5H5N-BC13 
Monoclinic 
a = 9.040 
b = 15.32 













PRELIMINARY STRUCTURE CALCULATIONS 
Collection of Intensity Data 
The intensities of all hkl reflections were determined 
by visual estimation. Two estimation standards were made, 
one from each of the two different crystals that had been 
used for obtaining the films of each zone in preparation 5. 
The standard films contained a series of reference spots, 
the intensities of which were controlled by timed exposure 
of a selected reflection to the x-ray beam. Intensities of 
a total of 3922 spots were estimated individually. 
Data from the nine films of preparation 5 in each of 
the 11 layers were put on a single scale using the method 
of Dickerson (50), modified according to the suggestion of 
Rollett and Sparks (51). This implies the use of 2 IBM 
programs, Scale I and Scale II written by Edward McGandy (44), 
(Appendix I), and run on the IBM 650 computer at the Boston 
University Computer Center. The results of Scale I are 
listed in Table VI. The intensities of the 2 sets plus 
the 287 unobserved intensities were corrected for the 
Lorentz-polarization factor on the IBM 650 computer using 
50. Dickerson, R. E., Acta Cryst., !£, 610 {1959). 




SCALING CONSTANTS FOR FILMS TAKEN AROUND THE a AXIS 
-Film Layer Layer Layer Layer Layer Layer 
No. #1 #2 #3 #4 #5 #6 
1 .0106 .0122 .0123 .0144 .0152 .0364 
2 .0224 .0257 .0260 .0287 .0308 .0739 
3 .0492 .0537 .0552 .0639 .0666 .1562 
4 .0802 .0892 .0897 .0801 .0838 .1945 
5 .1768 .1892 .1850 .1607 .1680 . 4083 
6 .4056 .3837 .3937 .3681 .3543 . 8940 
7 .2186 .2303 .2322 .2164 .2245 .4968 
8 .4661 .4802 .4976 .4845 .4722 1.0000 
9 1.0000 1.0000 1.0000 1.0000 1.0000 
SCALING CONSTANTS FOR FILMS TAKEN AROUND THE c AXIS 
Film Layer Layer Layer Layer Layer 
No. #7 #8 #9 #10 #11 
1 .0165 .0177 .0186 .0394 .0401 
2 .0342 .0362 .0378 .0816 .0853 
3 .0713 .0774 .0778 .1719 .1914 
4 .0489 .0474 .0502 .1076 .1137 
5 .0985 .0975 .1057 .2299 .2420 
6 .2002 .2006 .2158 .4882 .4985 
7 .2482 .2430 .2502 .4984 .4994 
8 . 4971 .4979 .4996 1.0000 1.0000 
9 1.0000 1.0000 1.0000 
a program written by Lip Lin Koh (Appendix I). The un-
observed reflections were given an arbitrary value of one 
half of the lowest observable value for the layer, but were 
not considered for the scaling. Finally, the Lorentz-
polarization output of the 2 sets (all the films taken 
about a given axis being considered a set) were scaled 
into one another by using Scale I and Scale II (Table VII), 
thus giving a total of 1088 independent observed 1F l2 values 
which are listed in Appendix II. In cases where reflections 
hkl occurred on films of different sets, the 1Fj 2 values 
obtained from the 2 sets compared fairly well generally, 
as only 65 out of 560 deviated 20% or more from the average 
The 1F l2 values were not corrected at this time 
for absorption. In the crystal in Figure 2, where the mini-
mum and maximum values of the radius are .0075 and .0105 em. 
respectively, the% deviation from the average in IF I2 ranges 
from ! 18% to ! 13% as the Bragg angle goes from 0° to 90°. 
In the crystal in Figure 3, where the minimum and maximum 
values of the radius is . 003 and .01 em. respectively, the 
% error in intensity varies from + 
-
46% to + - 35% as the 
Bragg angle goes from 0° to 90°. It may be necessary, par-
ticularly in the case of the crystal in Figure 3 to apply 
absorption corrections at a later stage, when electron 
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General Structural Considerations 
The centrosymmetric unit cell contains four molecules 
of c5H5N-BC13 , i.e. the positions of 4B-atoms, 12Cl, 4N and 
20C are to be found. As a general observation it can first 
be said that it is highly unlikely that any of these atoms 
are located in the special 2-fold positions. Therefore 
all atoms are probably in the general fourfold position 4e 
with parameters xyz. 
A second conclusion that can be drawn directly from 
symmetry considerations concerns the possibility that the 
structure contains the dimers that were suggested among the 
structural possibilities on pages 17-19. In the space group 
that is found it would be necessary for any dimeric molecule 
to contain a molecular center of inversion. Since none of 
the suggested dimers can have such an inversion center, the 
possibility of dimeric molecules in the solid can be ruled 
out almost certainly. 
Now, in view of the above observations, it should be 
pos~ible to get information on atomic parameters from the 
calculation and interpretation of a three-dimensional 
Patterson map. Particularly the vectors between the heav-
iest atoms, i.e. the Cl-cl vectorF . should be observable 
in such a map. 
38. 
The Three-Dimensional Sharpened Patterson Ma~ 
The three-dimensional sharpened Patterson function was 
calculated by using two IBM 7090 programs at the M. I . T. 
Computer Center. The first program calculates the sharpened 
Patterson coefficients, using the value for the temperature 
sin2Q/~1 f;i factor from a Wilson plot (52) in which log--~~- va. 
-s. -tJ 
is plotted (Figure 6). The second program employs the 
sharpened coefficients for computation of a three-dimensional 
Patterson map. A more detailed description of these two pro-
grams is given in Appendix I. 
The function used for computation of the vector map (53) 
is P (uvw) = -v1 'i. i.! ~h d cos 2 "JT (hu + kv + lw). k I( 1 s arpene 
The output obtained consists of a series of slices of the 
Patterson function. The slices are perpendicular to the 
b axis at intervals of b /120 ~. The numerical values of 
P ( uvw) are printed at grid points a/60 and c/60 along 
the a and c axes. Contour lines connecting points of equal 
"vector density" were then drawn to make the peaks in the 
map clearly visible. 
Since the chlorine atom (atomic number 17) scatters al-
most three times as much as any other atom in the structure, its 
52. Wilson, A. J. C., Nature, 150, 152 (1942). 
53. Lipson, H. and Cochran, W., The Determination of Crystal 
Structures . Vol. III, London: G. Bell and Sons. (1957) 
P• 170. 
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40 . 
interatomic vectors should be separable from the rest of 
the peaks in the map. Assuming the Cl atoms to be located 
in the general positions 4(e) (p. 29), the following values 
arise for the vectors of an atom to another of its own equiv-
alent set. 
2x 
~ - 2x, 
2y 
~ 
~ - 2y, 
2z (double weight) 
~ - 2z (double weight) 
~ (double weight) 
A Harker plane (54) thus occurs at v = ~ and a Harker line 
is located at u = ~ and w = ~. Peak heights in the latter 
are shown in Figure 7. From the sharpened Patterson map, 
the possible Cl-Gl peaks in the Harker plane at v = ~ and 
in the Harker line at u = ~' w = ~ are summarized in Table 
VIII. 
Four sets of Cl-Cl peaks found from the Patterson maps 
then give the following values for the possible parameters 
of Cl atoms. 
x/60 y/120 z/60 
Cli 13.4 16.5 1.8 
Clii 12.5 21 7.2 
Cliii 27 16.2 1.3 
CliV 23.5 17 5 
54. Harker, D., J. Cham. Phys., 1, 381 (1936). 
41. 
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POSSIBLE CL-CL PEAKS ON THE HARKER PLANE AT v = ~ 
u/60 w/60 
1 5 16 
2 3.4 26.6 
3 36 27 
4 42 19 







Naturally, since there are only three and not four sets of 
chlorine atoms in the unit cell, one of these sets would have 
to be eliminated. This can perhaps be done on the basis of 
Cl-Cl vectors between chlorine atoms of different sets. The 
following must also be kept in mind ; since so far all in-
formation concerning parameters is based on values of ~ - 2x, 
~ - 2y, and ~ - 2z, it is possible for each x to be changed 
to ~ + x, each y to ~ + y and each z to ~ + z , without 
changing the position of any resulting interatomic vectors. 
This gives a rather large number of possible combinations 
for the x y z values of each set of chlorine atoms. All 
these combinations are to be tested, using in addition the 
knowledge that chlorine atoms should not be at distances 
closer than 3.0 ~. 




IBM PROGRAMS FOR CRYSTALLOGRAPHIC CALCULATIONS 
Scale I calculates the most favorable scaling factor 
for each film on the various individual layers. A complete 
deck of the 3922 observed intensities, I , is sorted so 
0 
that all the reflections with the same indices are grouped 
together regardless of the number of films on which they 
are found. After the data are read, the program proceeds 
to compute the elements of the correlation matrix for 8 or 
9 films according to the method of Dickerson (50) which min-
imizes the square of the differences between identical 
scaled reflections found on different films. The unknown 
scale factors may be found from the matrix by the Rollett 
and Sparks method (51). In this method, the matrix is first 
inverted and then analyzed to find the smallest eigenvector, 
the elements of which are the scale factors. This is done 
by using the Granet routine. This calculation applies to 
each layer of x-ray data. 
Scale II applies a set of scale factors such as those 







program averages the scaled intensities of reflections which 
are equivalent but which occur on different films or layers. 
It also determines the arithmetic mean and standard deviation 
of the mean for each such group of equivalent reflections. 
The number of layers, the type of scaling required and 
the scale factors to be used for each layer of films are stored 
initially with the program. As the data are read by the com-
puter the groups of identical reflections are separated. The 
output for each reflection consists of one card containing an 
average intensity, plus one or more cards calculating the in-
dividual sealed intensities, their deviations and the standard 
deviation for the group mean. 
Lorentz Polarization applies geometric corrections 
to the Weissenberg data of the zero and upper layers (55). 
The formula of the geometric corrections for the equi- inclination 
Weissenberg method is 
= 
2 2 2 
e os Q (sin Q - sin ;,c:: ) 
1 - 2 sin2Q cos2 Q 
This program is applicable to monoclinic systems only. The 
control card contains the value of A, B, C, D (as defined on 
page 31), sin~, and the number of layers used for identification 
in scaling the Lorentz polarization output. The four accurate 
values of A, B, C, and D are already obtained from the calcu-
lations in Appendix III. The values of sin~ , where)"' is the 
55. Shiono, R., IBM 650 Programs for Crystallographic 




equi-inclination angle of the Weissenberg camera , are listed 
in Table IX. The output of Scale II plus the unobserved in-
tensities are used as the data in this program. 
The Sharpened Patterson Coefficients were calculated 
on the IBM 7090 computer at the M. I. T. Computer Center 
using a program written by Bruce R. Penfold of Harvard 
University (56). In order to place the coefficients on an 
-
absolute scale, r2, the values of the local average values 
2 
of F were calculated at ~ intervals of W = sin Q/). = .05 
starting from o.o. Then the absolute coefficients for 
point atoms were calculated according to the following for-
mula .a z . 
.a 
where y2 is the magnitude of unmodified coefficient and 
zj is the atomic number of th the j atom. Finally the 
sharpened coefficients were obtained as 
X 
where B, the temperature factor, is obtained from the 
statistical Wilson plot (52). The main purpose of this 
method is to produce a well resolved Patterson function. 
56. Penfold, Bruce, R., IBM 790 Program for Scaling and 
Shar enin Chemistry Dept., 
APPENDIX I 
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ERFR2 is a very fast 2 or 3-dimensional Fourier or 
Patterson program computed on the IBM 709/7090 computer. 
It was written by Sly and Shoemaker (57). The program is 
available as a binary card deck with a manual of operating 
instructions. The program is written for monoclinic, tri-
clinic or orthorhombic crystals. A space group ie spec-
ified with the aid of special symmetry cards in the binary 
program deck, one such card being required for each sym-
metry element necessary to generate the space group. 
Other special cards are available to provide multiplicity 
corrections, fix the scale factor, permute the Miller in-
dices to change the summation order, change the coordinate 
grid spacing in one or more directions from 1/120 to 1/60 
or 1/30 and define the portion of the unit cell to be 
covered. The output sheets contain one 16 x 16 grid of 
decimal numbers per page. The rough actual shape of the 
unit cell was made possible by using some control cards on 
the page format. The drawing of the contours was done on 
the output sheets. 
57. Sly, W.G. and Shoemaker, D. P., IBM 709/7090 Fourier 
Program, M. I. T. (1962). 
49. 
APPBNDIX II 
OBSERV!';D ZTRUC'PURE JPAC'l10.11S 
50. 
OBSERVED STRUCTURE FACTORS 
H K L 1~1 2 SIN 2e 
0 2 oo 00 05 471 ·03056 
04 oo 00 00 125 ·12224 
06 oo 00 01 783 . 27504 
- 11 oo 01 00340 .88617 
- 09 00 01 00810 . 59052 
- 07 00 01 01408 . 35599 
- 05 oo 01 00554 . 18258 
- 0 3 oo 01 08668 . 07028 
- 01 00 01 00087 • 01911 
01 oo 01 02188 ·02906 
03 oo 01 00947 · 10013 
05 00 01 02398 . 23232 
- 08 00 02 0049 5 . 47518 
- 06 oo 02 * 000 29 . 28115 
- 04 00 02 02824 . 14825 
- 02 oo 02 00896 ·07646 
0 0 00 02 06942 . 06580 
0 2 oo 02 00150 · 11626 
04 oo 02 04617 . 22783 
06 00 02 02538 . 40053 
- 07 oo 03 04595 . 41796 
- 05 00 03 00114 · 26444 
- 03 00 03 03648 . 17205 
- 01 oo 03 00121 . 14077 
0 1 oo 03 03050 ·17062 
03 oo 03 02599 . 26158 
05 oo 03 02117 . 41366 
- 10 00 04 0051 4 .82825 
- 0 8 00 04 00160 . 59300 
- 06 oo 04 * 00067 .41888 
- 04 00 04 00927 .30587 
- 02 oo 04 00587 .25398 
0 0 00 04 01803 . 26321 
02 00 04 04893 . 33356 
04 00 04 00855 . 46504 
- 05 oo 05 00112 .47792 
- 03 oo 05 01373 · 40542 
- 0 1 00 05 01633 .39404 
0 1 00 05 00692 . 44378 
0 3 oo 05 0047 1 .55464 
- 04 00 06 00 551 .59510 
- 0 2 oo 06 00 176 . 56310 
00 00 06 00483 .59223 
- 05 oo 07 00468 . 82300 
- 03 00 07 00550 · 77040 
- 0 1 oo 07 00405 . 77892 
02 01 00 01987 · 03309 
03 01 00 0 1008 ·07129 
04 01 00 0 1027 
· 12477 
0 5 01 00 01144 · 19353 
06 01 00 03663 . 27757 
0 7 01 00 002 74 .37689 
• Denotes unobserved structure factors 
:;J..L. 
H K L IF ..j2 SIN2Q 
09 01 00 00275 .62137 
- 09 01 01 * 00045 ·59305 
- 0 7 01 01 00915 . 35852 
- 06 01 01 01273 .26417 
- 05 01 01 01070 · 18511 
- 04 01 01 00370 · 12132 
- 0 3 01 01 03850 . 07282 
- 02 01 01 01129 · 03959 
- 0 1 01 01 04416 . 02164 
0 0 01 01 00071 · 01898 
0 1 01 01 03527 . 03159 
02 01 01 10533 · 05949 
0 3 01 01 03171 ·1 0266 
04 01 01 02360 . 16111 
05 01 01 00553 .23485 
06 01 01 00778 ·32 386 
- 09 01 02 01110 .59764 
- 08 01 02 00330 . 47 771 
- 07 01 0 2 00810 . 37305 
- 06 01 02 03038 . 28368 
- 05 01 02 00234 ·20959 
- 04 01 02 01859 · 15078 
- 0 3 01 02 00283 ·1 0725 
- 0 2 01 02 00947 · 07899 
- 01 01 02 02744 .06602 
00 01 02 03 130 ·068 33 
0 1 01 02 00222 ·085 92 
02 01 02 00308 ·118 79 
03 01 02 00691 ·16693 
04 01 02 01471 .23036 
05 01 02 00 190 .30907 
06 01 02 0 131 2 .40306 
- 10 01 03 00328 .765 37 
- 07 01 03 00560 .42 049 
- 06 0 1 03 01035 .33609 
- 05 01 03 01979 . 26698 
- 04 01 03 00217 e2 13ll! 
- 03 01 03 0 1003 ·1745 8 
- 02 01 03 02251 ·15130 
- 01 01 03 02638 · 14330 
00 01 0 3 01911 
-1505 9 
0 1 01 03 00487 ·1731 5 
02 01 03 02297 .210 99 
03 01 03 00644 . 26411 
04 01 03 00118 . 33251 
05 01 03 01073 . 41620 
- 10 01 0 4 00242 . 83078 
- 09 01 04 00418 .70552 
- 08 01 0 4 00160 . 59553 
- 06 01 04 00410 .42141 
- 05 01 0 4 01740 · 35726 
- 04 01 0 4 02564 . 30840 
- 03 01 04 00860 . 27481 
- 02 01 04 * 00012 · 25651 
- 0 1 01 04 01028 ·25349 
00 0 1 04 * 00013 . 2657L! 
01 01 04 * 00033 . 29328 
52. 
H K L I t:l2 SIN29 
0 2 01 04 00060 . 33609 
03 01 04 * 00062 . 39419 
04 01 04 00111 . 46757 
05 01 04 001 15 . 55622 
- 05 01 05 00483 .48045 
- 04 01 05 * 00054 · 43656 
- 03 01 05 00729 e40795 
- 02 01 05 00434 . 39462 
- 01 01 05 0 1291 . 3965 7 
00 01 05 00312 . 41380 
01 01 05 00032 e44631 
02 01 05 * 00035 . 49410 
03 01 05 005 14 . 55717 
04 01 05 00806 . 63552 
- 05 01 06 00900 . 63654 
- 04 01 06 01246 . 59 763 
- 03 01 06 00508 . 57399 
- 02 01 06 00070 . 56563 
- 01 01 06 * 00016 .57256 
00 01 06 00998 . 59476 
- 05 01 07 00096 . 82554 
- 04 01 0 7 00096 .79155 
- 03 01 07 00 488 . 77293 
- 02 01 0 7 000 71 .76955 
- 0 1 01 0 7 00042 .78145 
00 0 1 07 00062 . 80863 
00 02 00 03 325 · 01 01 2 
01 02 00 01401 · 01776 
02 02 00 00916 · 04068 
03 02 00 04678 . 0788€ 
04 02 00 00266 · 13236 
05 02 00 01611 · 201 12 
0 6 02 00 * 00038 . 285H 
07 02 00 
* 
00046 . 3844€ 
09 02 00 
* 
00045 . 62896 
- 10 02 01 00404 .74083 
- 09 02 01 * 00044 . 6006~ 
- 08 02 0 1 00657 . 4757L, 
- 07 02 01 * 00042 · 3661] 
- 06 02 01 03014 . 2717"1 
- 05 02 01 00057 · 1927( 
- 04 02 0 1 02483 ·1 289] 
- 03 02 0 1 01840 . 0804] 
- 0 2 02 01 03035 • 04 71E 
- 0 1 02 01 01279 • 0292~ 
00 02 01 00849 · 0265"1 
0 1 02 01 0 1525 · 039H 
02 02 01 00720 • 06 70~ 
03 02 0 1 01080 · 1102~ 
04 02 0 1 00865 • 168 7 J 
05 02 01 00701 • 2424" 
06 02 01 01502 . 3314'.: 
08 oz 01 00834 . 5553( 
- 09 02 02 00235 . 6052:: 
- 08 02 02 00082 . 4853( 
- 07 02 02 00223 . 3806'.: 
- 06 02 02 * 00030 . 2912~ 
53. 
H K L ltl2 SIN2Q 
- 0 5 02 02 00217 .217H 
- 04 02 02 00085 .15 83 ~ 
- 0 3 02 02 02166 · 1148l 
- 0 2 02 02 00246 . 086 5~ 
- 0 1 02 02 04324 • 0 736~ 
00 02 02 00773 · 0759( 
01 02 02 00797 · 0935] 
02 02 0 2 * 00013 • 1263~ 
03 02 0 2 03959 • 1 745~ 
04 02 0 2 00334 .2379t 
05 02 02 02196 e3166t 
06 02 02 * 00039 ·41 06 ~ 
- 10 02 03 00416 • 77 29t 
- 0 7 02 03 0069 7 .4280 ~ 
- 06 02 03 01278 • 3436~ 
- 0 5 02 0 3 * 00042 . 2745" 
- 04 02 03 02969 .2207 ; 
- 03 02 03 01183 ·1821" 
- 02 02 03 00497 • 1588 ~ 
- 01 02 03 00809 ·1509( 
00 02 0 3 * 00013 e15 8lt 
01 02 03 01488 ·180 7J 
0 2 02 03 01936 · 21851 
0 3 02 03 02269 • 271 7< 
04 02 03 00905 • 3401 : 
0 5 02 03 0108 7 .4237 ~ 
-
10 02 04 00093 • 83831 
- 0 9 02 04 002 74 .7131 : 
- 08 02 04 00159 .6031 : 
- 06 02 04 003 48 .4290< 
- 0 5 02 04 00356 • 36481 
- 04 02 04 00084 • 3159' 
- 03 02 04 01280 • 2824 : 
- 02 02 04 * 00018 • 2641( 
- 01 0 2 04 00182 • 26101 
00 02 04 00568 e2733i 
01 02 04 015 7 3 . 3oo8· 
0 2 02 0 4 00643 • 3436' 
0 3 02 04 008 21 • 40171 
04 02 0 4 * 00056 .475 11 
0 5 02 04 00856 • 5638: 
- 05 02 05 00226 • 4880i 
- 04 02 05 01496 • 4441 ~ 
- 03 02 0 5 00204 ·4155• 
- 02 02 05 02227 . 4022 : 
- 01 02 0 5 * 000 15 .40411 
00 02 05 00350 · 4213 ' 
0 1 02 05 00066 .4539( 
0 2 02 05 00324 . 5016 1 
0 3 02 05 00213 • 564 71 
04 02 05 * 00051 • 6431. 
- 0 5 02 06 00491 e644li 
- 04 02 06 00763 .6052: 
- 03 02 06 * 0004 2 .58151 
- 02 0 2 06 0031 4 .5732: 
- 01 02 06 00064 • 5 80 1 ~ 
00 02 0 6 00068 . 60231 
54. 
H K L 1~12 SIN2Q 
- 05 02 07 * 00032 . 83313 
- 04 02 07 * 00035 . 79919 
- 0 3 02 07 00224 . 78052 
- 0 2 02 07 00741 . 7 7 71~ 
- 0 1 02 0 7 00041 . 7890~ 
00 02 07 00080 . 81622 
01 03 00 00239 . 03041 
02 03 00 00298 · 05333 
03 03 00 00701 · 09153 
04 03 00 01810 · 14501 
05 03 00 03170 · 21371 
06 03 00 * 00039 · 29 7 81 
07 03 00 01033 e 3971; 
08 03 00 00799 • 511 n 
09 03 00 00266 . 64161 
- 09 03 01 * 00044 • 613 3( 
- 08 03 01 00093 • 4883S 
- 0 7 03 01 * 00043 . 3787i 
- 0 6 03 01 01630 . 2844~ 
- 05 03 01 00063 e 2053e 
- 04 03 01 00256 e 1415i 
- 03 03 01 02720 · 0930~ 
- 02 03 01 00683 • 0598L 
- 01 03 01 01863 · 0418~ 
00 03 01 01701 · 0392; 
0 1 03 01 02125 . 0518~ 
0 2 03 01 08607 • 079 7 ~ 
03 03 01 00630 e 1229J 
04 03 01 01755 e 1813t 
05 03 01 01373 . 2551( 
06 03 01 00810 • 3441) 
08 03 01 002 76 . 5679t 
- 10 03 02 00291 • 7531( 
- 0 9 03 02 01239 . 6178~ 
- 08 03 02 * 00041 . 4979! 
- 07 03 02 01522 • 3933( 
- 0 6 03 02 00694 • 3039~ 
- 0 5 03 02 01130 • 2298i 
- 04 03 02 02389 . 1710~ 
- 03 03 02 00027 · 1274~ 
- 02 03 02 00500 • 099 2i 
- 0 1 03 02 04983 • 0862~ 
00 03 02 00124 • 0885t 
0 1 03 02 02660 · 106 1" 
02 03 02 00285 • 1390 : 
03 03 02 01911 e 187H 
04 03 02 00397 . 2506: 
05 03 02 00181 • 3293~ 
0 6 03 02 * 00039 . 4233: 
07 03 02 00248 • 5325. 
- 10 03 03 00399 • 7856 : 
- 0 7 03 03 008 87 e4407i 
- 06 03 03 00453 • 3563i 
- 05 03 03 00630 • 2872; 
- 0 4 03 03 00 173 • 2333~ 
- 03 03 03 02000 
· 1948: 
- 0 2 03 03 03045 
· 1715! 
55. 
H K L 1~12 SIN2 Q 
- 01 03 03 00031 . 16355 
00 03 03 02942 .17083 
01 03 03 00861 · 19340 
02 03 03 02543 · 23124 
03 03 03 00482 ·28436 
04 03 03 00218 . 35276 
0 5 03 03 01558 . 43644 
-
10 03 04 00133 .85103 
- 09 03 04 00700 .72 577 
- 08 03 04 00158 .61578 
- 06 03 04 00753 . 44165 
- 05 03 04 02705 . 37751 
- 04 03 04 00422 . 32865 
- 03 03 04 01114 . 29506 
- 0 2 03 04 006 7 0 • 276 76 
- 0 1 03 04 0 16 58 . 27373 
00 03 04 00058 e 2859S 
01 03 04 00054 · 31353 
02 03 04 00228 · 35634 
03 03 04 00530 .41444 
04 03 04 * 00056 . 48781 
05 03 04 00835 .57647 
- 05 03 0 5 00490 . 5007C 
- 04 03 05 00480 ·45681 
- 03 03 05 00539 e4282C 
- 02 03 05 002 74 . 41487 
- 0 1 03 05 * 00016 .41682 
00 03 05 00283 . 43405 
01 03 05 00534 . 46656 
02 03 05 000 71 . 51435 
03 03 05 00084 . 57742 
04 03 05 0 112 0 . 65577 
05 03 05 00 173 • 7494C 
- 05 03 0 6 01613 . 6567S 
- 04 03 06 * 00053 . 61787 
- 03 03 06 00915 .59424 
- 02 03 06 00899 .58 588 
- 01 03 06 0006 4 . 59281 
00 03 06 00167 . 61501 
- 0 5 03 0 7 00142 . 84578 
- 04 03 07 00855 • 81184 
- 03 03 07 * 00026 e 7931S 
- 02 03 0 7 007 10 . 7898C 
- 01 03 07 * 00009 . 8017C 
00 03 07 00420 . 828 87 
00 04 00 09685 e0404S 
0 1 04 00 05 163 · 04813 
02 0 4 00 0232 1 · 07 10 5 
0 3 04 00 005 12 · 10925 
04 04 00 01656 · 16273 
05 04 00 00852 . 2314<3 
06 04 00 00900 . 31553 
07 04 00 * 000 48 . 41485 
08 04 00 
* 00050 . 52945 09 04 00 * 00043 . 65933 
- 09 04 0 1 01538 . 63102 
- 08 04 01 00471 . 50611 
56 
H K L l~f SIN2Q 
- 07 04 01 00529 .39648 
- 06 04 01 * 00037 . 30214 
- 0 5 04 01 00733 ·22307 
- 04 04 01 02293 .15929 
- 03 04 01 04602 ·11 078 
- 02 04 01 04732 .07755 
- 01 04 01 00229 ·05961 
00 04 01 00848 ·05694 
01 04 01 0021 4 ·069 56 
02 04 01 00476 ·09745 
03 04 01 01054 ·1406 2 
04 04 01 * 00026 ·1990 8 
0 5 04 01 00694 .27281 
0 6 04 01 * 00042 .3618 3 
0 7 04 01 00280 .4661 2 
08 04 01 00362 .58569 
09 04 01 00783 .72055 
- 10 04 02 00055 .77082 
- 09 04 02 * 00038 .6356C 
- 08 04 02 
* 
00041 .51561 
- 07 04 02 00701 .4110£ 
- 06 04 02 * 00032 • 32165 
- 05 04 02 01305 .2475~ 
- 04 04 02 02463 .1887~ 
- 0 3 0 4 02 01085 ·14521 
- 0 2 04 02 01487 ·11696 
- 01 04 02 00869 e1039S 
00 04 02 02192 ·1063C 
01 04 02 * 00013 ·1238 € 
02 04 02 03910 ·15675 
03 04 02 00338 ·2049C 
0 4 04 02 00613 .2683:: 
05 0 4 02 0 1801 ·3470~ 
06 04 02 0 1369 · 4410£ 
07 0 4 02 00165 • 5502~ 
- 10 04 03 * 00043 • 8033:: 
- 09 04 03 00449 .6730S 
- 0 7 04 03 02397 .4584~ 
- 06 04 03 00 473 • 3740~ 
- 05 04 03 00537 • 3049~ 
- 04 04 03 008 60 • 2511( 
- 0 3 04 03 02257 • 2125~ 
- 0 2 04 03 00867 ·1892l 
- 01 0 4 03 00646 e181 2j 
00 04 03 01186 .18855 
0 1 0 4 03 00585 
·21111 
02 0 4 03 0 1360 · 2489: 
03 04 03 00 161 · 3020€ 
04 04 03 0071 6 • 3704f 
0 5 04 03 00453 .454H 
- 10 04 04 00328 • 8687: 
- 0 8 04 04 00 155 .6335( 
- 0 7 04 04 00726 • 5388( 
- 0 6 04 04 * 000 74 • 4593 j 
- 0 5 04 04 01393 • 3952; 
- 04 0 4 04 00495 · 3463~ 
- 03 04 04 01635 e 3127f 
57. 
H K L 1~1 2 SIN2Q 
- 02 04 04 * 00027 · 29448 
- 01 04 04 01028 · 29145 
00 04 04 00165 · 30371 
0 1 04 04 01 739 . 33124 
0 2 04 04 02431 . 3740€ 
03 04 04 005 90 .4321€ 
04 04 04 00734 . 5055~ 
05 04 04 00113 . 5941S 
- 05 04 05 00313 . 51842 
- 04 04 05 00337 . 47453 
- 03 04 05 · 00591 .44592 
- 02 04 05 01777 ·4325S 
- 01 04 05 01474 . 43454 
00 04 05 00358 . 451 71 
0 1 04 05 00335 .4842c 
0 2 04 05 00071 . 53201 
03 04 05 * 00041 . 5951~ 
04 04 05 * 00049 • 6 734S 
05 04 05 * 00041 • 7671t 
- 05 04 06 * 00051 . 674 51 
- 04 04 06 00140 . 6355S 
- 03 0 4 06 00530 . 6119e 
- 02 04 06 00169 . 6036( 
- 0 1 04 06 00657 . 6105t 
00 04 06 * 00016 . 6327:: 
01 04 06 00483 . 67 021 
02 04 06 00054 • 72 29~ 
- 05 04 07 00262 • 8635( 
- 04 04 07 * 00031 • 8295t 
- 03 04 07 00252 · 8109( 
- 0 2 04 07 00479 . 80751 
- 0 1 04 07 00239 . 8194] 
00 04 07 00424 . 8465~ 
01 05 00 00252 · 07091 
02 05 00 00277 · 0938~ 
03 05 00 01204 · 1320:: 
04 05 00 * 00028 · 18551 
05 05 00 00174 • 2542j 
06 05 00 01628 . 33831 
0 7 05 00 * 00049 . 4376:: 
08 05 00 00787 . 5522:: 
09 05 00 * 00041 . 68211 
- 09 05 01 00082 • 6538( 
- 08 05 01 00469 .5 288S 
- 07 05 01 00633 . 4192e 
- 06 05 01 * 00039 • 3249~ 
- 05 05 01 00211 · 2458~ 
- 04 05 01 00227 · 1820i 
- 03 05 01 04743 
· 1335E 
- 0 2 05 01 00 432 
· 1003:: 
- 01 05 01 01628 • 0823~ 
00 05 01 05493 • 07971. 
0 1 05 01 01127 • 09 2 3.! 
0 2 05 01 00795 • 1202:: 
03 05 01 07129 .1634( 
04 05 01 00850 
· 2218E 
05 05 01 00551 • 2955S 
58 
H K L 1Fo1
2 SIN2Q 
06 05 01 00867 . 38461 
07 05 01 * 00046 .48890 
08 05 01 * 00044 .60847 
- 10 05 02 00359 .79359 
- 09 05 02 * 00036 . 65838 
- 08 05 02 * 00041 .53845 
- 07 05 02 00880 .43380 
- 06 05 02 02297 .34443 
- o.:; 05 02 00102 .2703 3 
- 04 05 02 02516 . 21152 
- 03 05 02 00474 .16799 
- 02 05 02 00694 ·13974 
- 0 1 05 02 00158 ·12677 
00 05 02 02632 ·1 2907 
01 05 02 01685 ·14666 
02 05 02 00475 ·17953 
03 05 02 00761 .22768 
04 05 02 00534 · 29111 
05 05 02 00450 .36981 
06 05 02 00327 .4638( 
08 05 02 00538 . 6976~ 
- 10 05 03 * 00040 . 82611 
- 09 05 03 00273 .69581 
- 08 05 03 00321 . 58091 
- 07 05 03 * 00069 .481 2'1 
- 06 05 03 * 00061 • 3968'1 
- 05 05 03 00847 .3277 ~ 
- 04 05 03 01134 .27 38E 
- 03 05 03 * 00034 • 235 3~ 
- 0 2 05 03 00638 ·2120~ 
- 0 1 05 03 02161 ·2040~ 
00 05 03 00484 .• 2113~ 
0 1 05 03 01147 .2338S 
0 2 05 03 00103 .27 17:: 
03 05 03 01245 • 3248t 
0 4 05 03 00549 • 3932~ 
05 05 03 00800 • 4 769l 
- 10 05 04 00218 ·891 5:: 
- 07 05 04 01174 . 5615i 
- 06 05 04 * 00077 .4821 : 
- 05 05 04 00103 .4180] 
- 04 05 04 02783 • 369ltl 
- 0 3 05 04 00071 .3355t 
- 0 2 05 04 00380 .3172: 
- 0 1 05 04 00516 .3142:: 
0 0 05 04 00494 • 3264S 
0 1 05 04 00221 .3540~ 
02 05 04 * 00063 • 3968l 
03 05 04 00460 • 4549:: 
04 05 04 00113 . 5283] 
05 05 04 00571 • 6169i 
- 05 05 05 00297 .5412( 
- 04 05 05 00227 .497 3] 
- 0 3 05 05 00514 .4687( 
- 0 2 05 05 * 00035 .4553 i 
- 01 05 05 00765 • 45 73~ 
00 05 05 00217 .4745: 
59. 
H K L 1~12 SIN2 0 
01 05 05 00134 .50 7 06 
02 05 05 00850 .55485 
03 05 05 00607 ·61792 
04 05 05 * 00047 .69627 
05 05 05 00483 e7899C 
- 05 05 06 00210 . 6972S 
- 04 05 06 00811 . 65837 
- 03 05 06 00474 .6347 2 
- 02 05 06 00164 . 62638 
- 01 05 06 002 12 . 6333G 
00 05 06 00409 .65551 
0 1 05 06 * 00013 . 6929S 
02 05 06 00305 .7457 5 
- 05 05 07 00050 . 88626 
- 04 05 0 7 00438 .85234 
- 03 05 0 7 00184 .83366 
- 02 05 07 0036 1 . 8302S 
- 0 1 05 07 * 00008 • 8421 s 
0 0 05 07 00 126 • 8693 i 
00 06 00 07951 • 0911] 
0 1 06 00 02794 • 0987~ 
0 2 06 00 01216 · 1216i 
0 '3 06 00 03100 e1 598i 
0 4 06 00 00384 · 2133~ 
05 06 00 01043 ·2821] 
06 06 00 00360 e366U 
0 7 06 00 * 00050 .4654 i 
08 06 00 * 00048 .58oo; 
09 06 00 * 00039 • 7099~ 
- 09 06 01 00233 • 6816L 
- 08 06 01 * 00046 . 5567~ 
- 0 7 06 01 * 00046 e4471C 
- 06 06 01 03460 • 3527e 
- 05 06 01 00 191 • 2736S 
- 04 06 01 00338 .2099] 
- 03 06 01 02956 el614( 
- 0 2 06 01 0119 5 ·1 281~ 
- 01 06 01 02111 ·11 02; 
00 06 01 01152 ·107 5e 
01 06 01 0070 7 
· 120H 
02 06 01 00094 • 1480i 
03 06 01 * 00025 • 1912~ 
04 06 01 * 00032 • 2497( 
05 06 01 00686 · 3234; 
06 06 01 01 7 06 .4124~ 
0 7 06 01 00565 e5167L 
08 06 01 00254 . 6363] 
- 10 06 02 * 00023 • 8214l 
- 0 9 06 02 * 000 34 .6862 t 
- 08 06 0 2 * 00040 • 5662 ~ 
- 07 06 02 
* 
00040 e4616L 
- 06 06 02 00809 . 3722~ 
- 05 06 02 00569 · 298H 
- 04 06 02 01884 • 2393e 
- 0 3 06 02 00942 ·1 958~ 
- 0 2 06 02 00206 -1675~ 
- 01 06 02 04443 e1546 J 
, _ 
60 . 
H K L I F;,l 2 SIN2Q 
0 0 06 02 01330 . 15692 
01 06 02 00525 ·17450 
02 06 02 00465 · 20 7 37 
03 06 02 01620 · 25552 
04 06 02 01062 · 3 1895 
05 06 02 01818 . 3976t 
06 06 02 00663 · 49164 
08 06 02 * 00031 · 72546 
-
10 06 03 00117 . 85395 
- 09 06 03 * 00054 . 72371 
- 08 06 03 * 00067 . 60875 
- 07 06 03 01073 . 5090€ 
- 06 06 03 01562 . 4246€ 
- 05 06 03 * 00056 • 3555E 
- 04 06 03 01674 . 3017~ 
- 03 06 03 00936 · 263H 
- 02 06 03 01777 • 2398~ 
- 01 06 03 00043 · 2318~ 
00 06 03 01413 · 2391i 
01 06 03 00659 • 261 7~ 
02 06 03 00055 . 2995i 
03 06 03 01653 • 3527( 
04 06 03 * 00064 • 4211< 
0 5 06 03 00814 . 5047~ 
-
10 06 04 00121 . 9193~ 
- 07 06 04 * 00080 • 5894~ 
- 06 06 04 * 000 79 . 5099~ 
- 05 06 04 00387 . 4458~ 
- 04 06 04 00691 • 3969E 
- 03 06 04 00075 • 3634( 
- 02 06 04 00891 • 3451( 
- 01 06 04 01590 . 3420. 
00 06 04 01636 • 3543: 
0 1 06 04 * 00060 . 38181 
02 06 04 01520 • 42461 
03 06 04 00086 . 48271 
04 06 04 00226 • 5561! 
0 5 06 04 00948 • 6448 : 
- 05 06 05 00115 • 56901 
- 04 06 05 01293 . 5251! 
- 03 06 05 00563 • 49651 
- 02 06 05 00287 . 4832: 
- 01 06 05 00705 . 4851( 
00 06 05 00036 • 5023~ 
01 06 05 00066 • 5349( 
02 06 05 00347 • 5826 ~ 
0 3 06 05 * 00039 • 645 71 
04 06 05 * 00044 . 7241: 
- 0 5 06 06 00131 • 7251: 
- 04 06 06 00577 • 6862: 
- 03 06 06 * 00037 • 66251 
- 02 06 06 00220 . 6542; 
- 01 06 06 00086 • 66111 
00 06 06 00417 • 6833~ 
01 06 06 * 00012 • 7208: 
02 06 06 0 0374 • 7736( 
- 05 06 07 00073 . 9141: 
61. 
H K L I Fol 2 SIN2Q 
- 04 06 0 7 00 165 • 880 1€ 
- 0 3 06 0 7 00345 . 86152 
- 0 2 06 07 * 000 16 . 858 1 ~ 
- 0 1 06 07 00 146 . 8700~ 
00 0 6 0 7 003 10 . 8972 1 
01 0 7 00 00560 · 1316 5 
02 07 00 00 18 0 . 15451 
0 3 0 7 00 00698 · 19271 
04 07 00 0 2561 · 2462: 
0 5 07 00 0 1670 e 3150] 
06 07 00 * 00047 . 3990!: 
0 7 0 7 00 01600 . 49831 
08 07 00 * 00046 e6129i 
0 9 07 00 00354 . 7428'; 
- 0 9 07 01 * 00036 . 7145'< 
- 08 07 0 1 * 000 45 . 5896:: 
- 07 07 01 00 375 . 4800] 
- 06 0 7 01 00 78 1 . 3856€ 
- 0 5 0 7 01 * 000 37 • 3066( 
- 04 0 7 01 01045 · 2428 ] 
- 03 0 7 01 00994 ·1 943( 
- 0 2 07 01 002 25 · 1610~ 
- 0 1 0 7 01 00046 e 1431 ~ 
00 07 01 06 716 . 14041 
0 1 07 01 0045 1 . 1530E 
0 2 07 01 023 14 . 18091 
0 3 07 0 1 * 00029 . 224 1~ 
04 07 01 00 100 · 2826( 
0 5 0 7 01 00753 . 3563~ 
06 07 0 1 009 24 . 4453!: 
07 0 7 0 1 * 000 46 . 5496~ 
08 0 7 01 * 00040 . 6692' 
- 10 07 0 2 000 79 • 8543~ 
- 09 07 0 2 00448 · 7191:: 
- 08 07 02 00237 • 5991 s 
- 0 7 07 02 018 24 · 4945£ 
- 06 07 0 2 * 00039 . 40511 
- 05 0 7 0 2 * 00033 . 3310€ 
- 0 4 07 02 01 742 . 27221 
- 03 07 02 02156 · 2287:: 
- 0 2 07 02 0 1341 · 2004E 
- 0 1 07 0 2 0 1517 · 18751 
00 0 7 02 01823 • 189 8~ 
0 1 0 7 02 00 428 · 20 741 
02 07 02 00 78 1 • 240 2 j 
03 0 7 02 * 00030 . 2884' 
0 4 0 7 02 00465 . 3518!: 
0 5 07 0 2 01228 . 4305€ 
0 6 07 02 
* 
0 0041 . 5245: 
08 07 02 
* 
00028 • 7583~ 
- 09 0 7 03 
* 
00050 . 7566l 
- 08 07 03 
* 
00064 . 6416€ 
- 0 7 07 0 3 00 467 • 5419c 
- 0 6 07 0 3 * 00068 · 4575t 
- 05 0 7 03 00507 • 3884€ 
- 04 07 03 * 000 53 · 3346~ 
- 03 0 7 03 0 1440 · 29601 
62. 
H K L I Fol2 srr?g 
- 02 07 03 01430 . 2727S 
- 0 1 07 03 00259 .2647S 
00 07 03 01718 . 27207 
01 07 03 00274 · 2946Lf 
0 2 07 03 01672 . 3324€ 
03 07 03 00596 . 3856C 
04 07 03 01203 . 4540C 
05 07 03 00310 . 5376€ 
- 07 07 04 01140 . 62232 
- 06 07 04 00645 . 5428S 
- 05 07 04 00650 .4787~ 
- 04 07 04 00443 e4298S 
- 0 3 07 04 00894 • 3963C 
- 02 07 04 00507 . 3780C 
- 0 1 07 04 00538 • 3749i 
00 07 04 00302 . 3872:: 
01 07 04 00659 e4147i 
02 07 04 00835 e4575f 
03 07 04 00517 . 5156~ 
04 07 04 00258 . 5890~ 
05 0 7 04 * 00073 . 6777] 
- 05 07 OS * 00056 • 6019L 
- 04 07 OS * 00056 . s58o~ 
- 03 07 OS 00519 • 5294L 
- 02 07 OS 00467 . 5161] 
- 01 07 OS * 00016 . 5 1 80~ 
00 07 OS * 00018 . 53S2~ 
0 1 07 05 00098 . 5678( 
0 2 07 OS 00167 e 61SS~ 
03 07 05 00622 • 6 786t 
04 07 OS 00566 . 7570 ] 
- OS 07 06 00338 • 7580:: 
- 04 07 06 00179 e7191 j 
- 03 07 06 * 00035 • 6954l 
- 02 0 7 06 00708 . 6871~ 
- 01 07 06 00053 . 6940 ! 
00 07 06 00634 . 7162! 
01 07 06 00577 • 753 7:: 
0 2 07 06 * 00020 • 8065( 
- 05 07 07 00454 • 94 70~ 
- 03 07 07 00288 • 8944~ 
- 0 2 07 07 * 00014 e891 0L 
- 01 07 0 7 00072 • 9029L 
00 07 07 00063 • 9301: 
00 08 00 00474 • 16 19l 
01 08 00 0254S .1 696~ 
02 08 00 05549 e 1925L 
03 08 00 01317 • 2307L 
0 4 08 00 01509 . 2842~ 
OS 08 00 00137 • 3S29l 
06 08 00 00488 . 4370~ 
08 08 00 * 00044 • 6509L 
09 08 00 * 000 31 • 7808~ 
- 09 08 01 00586 • 7525( 
- 08 08 01 002S7 · 62 76( 
- 0 7 08 01 01412 • 51 79" 
- 06 08 01 01271 
·4236:: 
63. 
H K L l~f SI~O 
- 05 08 0 1 01042 . 34456 
- 04 08 01 01200 . 28077 
- 03 08 01 * 00030 .23227 
- 02 08 01 01599 . 19904 
- 0 1 08 01 02389 ·18110 
00 08 01 00222 ·17843 
01 08 01 0049 7 ·1 9104 
02 08 01 00275 .21894 
03 08 01 01773 · 26211 
04 08 01 00955 . 32057 
05 08 01 00286 .39430 
06 08 01 00282 ·48331 
07 08 01 * 00045 . 58761 
08 08 01 00809 .70718 
- 10 08 02 00229 . 89230 
- 09 08 02 
* 
00029 .75709 
- 08 08 02 
* 
00037 .63716 
- 07 08 02 * 00041 .53251 
- 06 08 02 00888 .4431Lt 
- 05 08 02 * 00036 . 3690lf 
- 04 08 02 00166 ·3102 3 
- 03 08 02 00303 . 26670 
- 0 2 08 02 * 00025 ·23845 
- 0 1 08 02 01648 ·22548 
00 08 02 01048 • 22778 
0 1 08 02 00136 . 24537 
02 08 02 04462 .27824 
03 08 02 00410 .3263S 
04 08 02 00855 .3898~ 
05 08 02 00930 .4685~ 
06 08 02 00081 .56251 
08 08 02 * 000 25 .7963'3. 
- 09 08 03 00597 .7945€ 
- 08 08 03 * 00060 .6796~ 
- 0 7 08 03 00597 .57994 
- 06 08 03 01114 ·4955~ 
- 05 08 03 00105 .4264; 
- 04 08 03 00938 .3725 S 
- 03 08 03 * 00053 .3340 ; 
- 02 08 03 00541 . 3107~ 
- 0 1 08 03 03169 e3027E 
00 08 03 00236 . 31004 
0 1 08 03 00733 .3326C 
02 08 03 00797 • 3 704Li 
03 08 03 01160 • 4235t 
04 08 03 00955 .4919i 
05 08 03 00196 .5756~ 
- 07 08 04 * 00075 .6602 € 
- 06 08 04 * 00080 .5808t 
- 0 5 08 04 * 00079 .5167~ 
- 04 08 04 00111 .467 8~ 
- 03 08 04 00562 .4342i 
- 02 08 04 01137 .4159E 
- 01 08 04 00377 .4129Li 
00 08 04 01826 .4252C 
0 1 08 04 00804 • 4527:. 
02 08 04 00107 .495 5~ 
64. 
H K L 1~12 SI~Q 
03 08 04 * 00081 . 5536Lt 
0 4 08 04 00500 .6270 2 
05 08 04 00242 .7156€ 
- 05 08 05 01251 .6399( 
- 04 08 05 * 00055 .59601 
- 03 08 0 5 00511 • 56 74C 
- 0 2 08 05 00816 .55401 
- 01 08 05 00231 .55602 
00 08 05 * 000 17 .57325 
0 1 08 05 00094 • 605 7E 
02 08 05 00535 .653 5~ 
03 08 05 * 00033 ·7166~ 
04 08 05 00215 .7949 i 
- 05 08 06 00301 .7960( 
- 04 08 06 * 00040 ·7570~ 
- 03 08 06 00290 • 7334£ 
- 02 08 06 * 00027 .7250S 
- 01 08 06 * 000 12 .73201 
00 08 06 001 74 • 7542 ~ 
01 08 06 * 000 10 • 7917( 
0 2 08 06 00196 • 8444t 
- 03 08 0 7 00115 • 9323~ 
- 0 2 08 0 7 00129 . 9290( 
- 01 08 07 00044 • 9409( 
01 09 00 * 00031 ·2126 ~ 
02 09 00 02044 . 2355~ 
03 09 00 015 14 . 27371 
04 09 00 01404 • 32 72 ~ 
0 5 09 00 02310 .3960 ] 
06 09 00 00798 .4800 ~ 
0 8 09 00 00641 • 6939 1 
09 09 00 * 00027 • 8238~ 
- 09 09 01 * 00028 .7955 ~ 
- 08 09 0 1 00398 .6706; 
- 07 09 01 * 00046 .56 10( 
- 06 09 01 00374 • 4666~ 
- 05 09 01 * 00043 .387 5~ 
- 04 09 01 00435 • 3238( 
- 03 09 0 1 01967 .2753( 
- 02 09 0 1 * 0003 1 .24201 
- 0 1 09 01 02510 • 2241 ~ 
00 09 0 1 01719 • 2214~ 
0 1 09 01 00243 .2340 ~ 
02 09 01 01865 • 26191 
03 09 01 0 2509 · 3051£ 
04 09 01 01053 • 3635~ 
05 09 01 02303 .4373 :: 
06 09 01 00187 .5263£ 
07 09 01 00512 .6306£ 
- 10 09 02 00263 • 9353; 
- 09 09 02 * 00024 • BOO 1 ~ 
- 08 09 02 00209 • 6801 ~ 
- 07 09 02 * 00040 .5755; 
- 06 09 02 0 1324 .486H 
- 05 09 0 2 0108 4 e4120i 
- 04 09 0 2 01 726 .3532~ 
- 03 09 02 0080 3 • 3097:: 
b5 . 
H K L 1~ 12 SI N2 Q 
- 02 09 02 00 106 . 28147 
- 01 09 02 00 756 . 2685C 
00 09 02 * 000 28 .27081 
01 09 02 018 76 e2884C 
02 09 02 0008 7 . 3212 7 
03 09 02 * 00036 . 36941 
04 09 02 * 00039 • 4328~ 
0 5 09 0 2 00230 . 51155 
06 09 02 * 000 39 . 6055~ 
08 09 02 00 386 . 8393: 
- 09 09 03 * 0003 7 .83761 
- 0 8 09 03 00294 .7226: 
- 0 7 09 03 00706 . 62291 
- 06 09 03 003 27 . 53851 
- 0 5 09 03 0 1130 . 4694E 
- 04 0 9 03 0 19 0 1 . 41562 
- 03 09 03 01938 • 3770€ 
- 02 09 03 0 260 0 .3537E 
- 0 1 09 03 00966 • 3457E 
00 0 9 03 00 465 . 35307 
0 1 09 03 0080 7 . 3756~ 
02 09 03 * 00064 e4134l 
03 09 03 008 15 • 4665 S 
0 4 09 03 * 000 70 . 5349S 
05 09 03 0 1190 e 6186S 
- 0 7 09 04 00 419 . 70331 
- 0 6 09 04 00 471 . 6238S 
- 0 5 09 04 00 425 • 5597~ 
- 0 4 09 04 00 7 38 . 5108E 
- 03 09 04 006 19 . 4772S 
- 0 2 09 0 4 0 1 290 e4589S 
- 0 1 09 04 00123 e4559i 
00 09 04 00721 . 4682~ 
01 09 04 * 00078 • 495 7E 
0 2 09 04 00309 e5385i 
03 09 04 * 00080 . 59661 
0 4 09 04 00 198 . 6700~ 
05 09 04 00 169 • 7587C 
- 05 09 05 * 00050 . 682 9:: 
- 04 09 05 * 00052 . 6390li 
- 03 09 05 00 490 .6104~ 
- 02 09 05 0078 6 • 5971( 
- 0 1 09 05 * 00015 . 5990!: 
00 09 05 00368 e6162E 
0 1 09 05 00620 . 6487S 
02 09 05 00578 e 6965E 
0 3 09 05 * 00029 . 7596~ 
0 4 09 05 00182 • 8380C 
- 05 09 06 00439 . 83902 
- 04 09 06 00094 • 80011 
- 03 09 06 005 11 e7764i 
- 02 09 06 00906 . 76811 
- 0 1 09 06 0002 1 . 7750l 
00 09 0 6 00129 . 7972L. 
01 09 06 00225 • 834 7:: 
00 10 00 0 1677 . 2531C 
0 1 1 0 00 00370 . 2607li. 
66 
H K L 1~12 SI N2Q 
02 10 00 00860 e 2836E 
03 10 00 03760 • 3218~ 
04 10 00 00393 • 37534 
05 10 00 * 00049 • 4441( 
06 10 00 00100 . 5281" 
08 10 00 * 00035 • 7420E 
09 10 00 * 00022 • 8 719" 
- 09 10 01 00421 . 8436( 
- 08 10 01 * 00035 • 7187] 
- 07 10 01 * 00044 • 6090~ 
- 06 10 01 00471 e 5147L 
- 0 5 10 01 00504 e 4356E 
- 04 10 01 00838 . 3718~ 
- 03 1 0 01 02095 • 32 3 3{ 
- 0 2 10 01 01474 • 290 lt 
- 01 10 01 00437 · 2722 : 
00 10 01 01158 • 2695! 
01 10 01 00547 . 282U 
02 10 01 00228 · 3100! 
03 10 01 00992 . 3532 : 
04 10 01 00504 . 41161 
0 5 10 01 00288 • 4854: 
06 10 01 00366 . 5744: 
0 7 10 01 00470 . 6787: 
- 0 9 10 02 * 00020 • 8482: 
- 0 8 10 02 
* 00031 • 72821 
- 07 10 02 
* 
00038 . 6236; 
- 06 10 02 00662 • 5342 ! 
- 05 10 02 00579 . 46011 
- 04 10 02 01592 . 4013! 
- 03 10 02 01462 . 3578; 
- 02 10 02 * 00033 • 32951 
- 01 10 02 00379 . 3165~ 
00 10 02 00568 • 3189( 
0 1 10 02 00305 • 3364' 
02 1 0 02 0 2159 • 36931 
0 3 10 02 01851 • 41751 
04 10 02 00391 • 4809: 
05 10 02 00164 • 5596• 
06 10 02 005 13 • 65 36: 
- 09 10 03 00100 • 885 71 
- 08 10 03 * 00048 • 77071 
- 07 10 03 00451 . 67101 
- 0 6 10 03 * 00068 • 5866c 
- 0 5 10 03 * 00070 . 5175• 
- 04 10 03 01696 . 4637 . 
- 03 10 03 00082 • 42 51~ 
- 02 10 03 00504 • 40 18" 
- 0 1 10 03 01145 • 3938" 
00 10 03 01219 • 40 11 ~ 
01 10 03 00064 • 423 7: 
0 2 10 03 00956 . 46151 
03 10 03 00086 e 5146l 
04 1 0 03 00623 • 58301 
05 10 03 * 00061 • 666 71 
- 07 10 04 * 00062 • 75141 
- 06 10 04 * 00073 • 6 7191 
67. 
H K L 1Fal 2 SIN
2Q 
- 05 10 04 00480 .60783 
- 04 10 04 00469 .55897 
- 03 10 04 00216 .52538 
- 02 10 04 * 00078 .50708 
- 01 10 04 01032 .50406 
00 10 04 00134 .51631 
01 10 04 00066 .54385 
02 10 04 00432 .58666 
03 10 04 * 00076 .64476 
04 10 04 00566 .71814 
05 10 04 00387 .80679 
- 05 10 05 00194 .73102 
- 04 10 05 00705 • 68 713 
- 03 10 05 00076 .65852 
- 02 10 05 00064 .64519 
- 01 10 05 00444 .64714 
00 10 05 00123 .66437 
01 10 05 * 00013 .69688 
0 2 10 05 
* 
00025 .74467 
03 10 05 
* 
00025 • 80774 
04 10 05 00064 .8860S 
- 05 10 06 00108 .88711 
- 0 4 10 06 00174 .8482C 
- 03 10 06 * 00023 .82456 
- 0 1 1 0 06 00272 • 8231~ 
00 1 0 06 00071 .84533 
01 11 00 * 00041 .3138S 
0 2 11 00 01078 .33681 
03 11 00 01442 .37501 
04 11 00 
* 00048 ·4284S 05 11 00 
* 
00050 .4972~ 
06 11 00 00096 .5812~ 
08 11 00 00359 ·79521 
09 11 00 00214 e9250S 
- 08 11 01 * 00030 e7718i 
- 0 7 11 01 * 00040 e6622L 
- 06 11 01 * 00046 .567 8~ 
- 05 11 01 00480 .4888 ~ 
- 04 11 01 01960 .4250~ 
- 03 11 01 00158 .3765£ 
- 02 11 01 01062 .34331 
- 01 11 01 * 00039 ·3253E 
00 11 01 03487 • 3227( 
01 11 01 00618 .33531 
02 11 01 00712 .36321 
03 11 01 00356 • 4063€ 
04 11 01 * 00046 .4648 ~ 
0 5 11 01 * 00046 e5385 i 
06 11 01 00344 .6275 ~ 
0 7 11 01 * 00034 • 7318l 
- 09 11 02 00341 • 90 13t 
- 08 11 02 00213 • 7814~ 
- 07 11 02 00632 .6767 ~ 
- 06 11 02 * 00039 • 5874( 
- 05 11 02 00761 .5133] 
- 04 11 02 00251 .4545( 
- 0 3 11 02 02947 e4109i 
68. 
H K L IFol2 SI~Q 
- 02 11 02 00632 .38271 
- 01 11 02 00060 • 36971.< 
00 11 02 00282 . 3720~ 
01 11 02 00062 . 3896£ 
0 2 11 02 00348 . 42251 
03 11 02 * 00040 .4706~ 
04 11 02 00257 e 5340f 
05 11 02 00599 . 6127~ 
06 11 02 00 197 .7067~ 
- 08 11 03 00187 • 8238~ 
- 06 11 03 * 00064 .6398] 
- 05 11 03 00677 • 5707( 
- 04 11 03 00985 • 5168~ 
- 03 11 03 * 00069 .4783( 
- 02 11 03 00626 .4550~ 
- 01 11 03 * 00066 • 44 70l 
00 11 03 * 00067 • 4543: 
0 1 11 03 00460 . 4768" 
0 2 11 03 01539 . 5147: 
03 11 03 * 00042 . 5678 : 
04 11 03 00836 . 6362: 
05 11 03 * 00055 .7199; 
- 07 11 04 00667 . 8045~ 
- 06 11 04 * 00066 ·7251: 
- 05 11 04 * 00052 .660 91 
- 04 11 04 00108 .6121; 
- 03 11 04 00211 . 5785 : 
- 02 11 04 * 00081 • 5602 : 
- 01 11 04 00384 . 5572 : 
00 11 04 * 0008 1 • 56941 
01 11 04 00359 .5 9 70< 
02 11 04 * 00077 .6398: 
03 11 04 00175 • 6979 : 
04 11 04 * 00059 . 7712 ~ 
05 11 04 00116 • 85991 
06 11 04 * 00019 . 96381 
- 05 11 05 00078 .7841" 
- 04 11 05 * 00042 • 740 21 
- 03 11 05 * 00033 ·71 16" 
- 02 11 05 00057 • 698 31 
- 0 1 11 05 00053 • 7002~ 
00 11 05 00192 • 7175; 
0 1 11 05 00046 • 7500: 
0 2 11 05 00561 • 7978; 
03 11 05 00345 . 8608~ 
- 04 11 06 00087 • 9013! 
- 03 11 06 00690 .8777 : 
- 01 11 06 00070 • 87621 
00 12 00 00232 • 36441 
01 12 00 0009 1 . 37211 
0 2 12 00 00716 • 3950; 
0 3 12 00 03019 .4332; 
04 12 00 * 00050 • 486 7C 
05 12 00 00230 • 55541 
06 12 00 0026 7 • 6395( 
- 08 12 01 00099 • 83001 
- 07 12 01 01282 • 7204~ 

70. 
H K L IF.i SIN2Q 
01 12 05 00096 • 8082L 
- 0 1 12 06 00314 • 9344S 
01 13 00 00294 e4353i 
02 13 00 00805 • 45 82~ 
03 13 00 * 00050 • 4964~ 
04 13 00 01193 • 5499i 
05 13 00 00829 . 6187; 
06 13 00 00314 e 7027l 
- 08 13 01 * 00018 . 89335 
- 0 7 13 01 * 00029 · 78373 
- 06 13 01 * 00038 e6893S 
- 05 13 01 00124 . 61032 
- 04 13 01 00272 . 54653 
- 03 13 01 00358 . 49802 
- 02 13 01 * 00046 · 46480 
- 01 13 01 02347 . 44685 
00 13 01 00163 . 44419 
01 13 01 01264 . 45680 
0 2 13 01 00107 . 48469 
03 13 01 00401 . 52 78 7 
04 13 01 * 00055 . 58632 
0 5 13 01 01073 . 66006 
06 13 01 * 00032 .7490 7 
- 07 13 02 * 00024 . 79826 
- 06 13 02 00589 . 70889 
- 05 13 02 00326 · 63480 
- 04 13 02 01540 . 57599 
- 03 13 02 * 00041 . 53245 
- 02 13 02 00698 . 50420 
- 01 13 02 00375 . 49123 
00 13 02 01128 . 49354 
0 1 13 02 00902 . 51113 
0 2 13 02 00764 . 54399 
03 13 02 * 00039 . 59214 
04 13 02 00170 . 6555 7 
05 13 02 00158 ·73428 
- 06 13 03 00232 e 76130 
- 05 13 03 00443 . 69218 
- 04 13 03 * 00064 . 63835 
- 03 13 03 0 1079 . 59979 
- 02 13 03 00399 . 57651• 
- 01 13 03 00441 . 568511 
00 13 03 * 00069 . 57579. 
0 1 13 03 00158 • 598361 
02 13 03 * 00065 . 63620. 
03 13 03 00286 • 68932• 
04 13 03 00426 . 757721 
05 13 03 00448 · 841401 
- 06 13 04 00317 • 84661 ~ 
4 13 04 00258 • 73361: 
- 0 3 13 04 * 00034 • 70002' 
- ':.' 2 13 04 00530 . 68172: 
- ~1 13 04 00115 . 67869~ 
oo 13 04 * 00071 • 69095~ 
')1 13 04 00076 . 71849: 
0 2 13 04 00695 . 76130" 
()3 13 04 * 00 050 . 81940; 
(.l. 
H K L 1~1 2 SI~' 
04 13 04 00360 • 8927" 
- 05 13 05 00213 . 90561 
- 03 13 05 * 00023 · 8331( 
00 13 05 00 127 . 8390: 
01 13 05 00218 . 8715; 
00 14 00 00181 • 4960-
01 14 00 00 134 • 503 7 : 
02 14 00 01203 .5266 : 
03 14 00 00472 • 5648: 
04 14 00 00430 . 6183: 
0 5 14 00 00157 . 6870" 
- 08 14 01 00078 . 9616~ 
- 07 14 01 00180 • 85201 
- 06 14 01 * 00031 . 7577; 
- 05 14 01 01018 • 6 786~ 
- 04 14 01 00525 . 6148" 
- 03 14 01 00525 • 56631 
- 02 14 01 00384 .533U 
- 01 14 01 00033 . 5151~ 
00 14 01 * 00046 . 5125; 
0 1 14 01 00325 e 5251L 
02 14 01 00263 • 5530 ! 
03 14 01 00386 • 5962( 
04 14 01 00204 • 6546C 
05 14 01 00673 • 7283~ 
06 14 01 00157 . 8174j 
- 07 14 02 * 000 18 • 8666( 
- 06 14 02 * 00027 • 7772: 
- 05 14 02 00360 • 7031L 
- 04 14 02 * 00037 • 6443; 
- 03 14 02 00221 . 6007~ 
- 02 14 02 00663 . 5725L 
- 0 1 14 02 * 00040 • 5595-
00 14 02 00517 . 5618l 
01 14 02 * 00040 . 57941 
02 14 02 01525 . 6123: 
03 14 02 00481 • 6604f 
04 14 02 * 00031 . 7239 ] 
05 14 02 * 00036 • 8026~ 
- 05 14 03 * 00049 . 7605~ 
- 04 14 03 00306 • 7066~ 
- 03 14 03 00186 . 6681; 
- 02 14 03 * 00064 . 6448~ 
- 01 14 03 00456 . 6368~ 
00 14 03 * 00064 • 6441 ~ 
01 14 03 0005 7 • 6666~ 
02 14 03 * 00057 . 7045:: 
0 4 14 03 00191 • 8260~ 
- 04 14 04 00139 • 80 19l 
- 03 14 04 00116 • 7683f 
- 02 14 04 00717 • 7500~ 
- 0 1 14 04 00098 · 7470:: 00 14 04 00386 e7592S 
0 2 14 04 * 00048 
· 82964 
03 14 04 003 70 • 8877/.j 
- 05 14 05 00 133 . 9740C 
- 03 14 05 00 194 e9015C 
72 
H K L 1 ~ 1 2 SIN2Q 
0 1 15 00 0006 5 • 5 771 : 
0 2 15 00 00863 e6000i 
03 15 00 005 13 • 6382: 
04 15 00 * 00047 • 6917: 
- 06 15 01 * 000 24 . 8311: 
- 05 15 01 001 72 • 7520! 
- 04 15 01 00377 • 6882" 
- 03 15 01 * 00042 • 6397t 
- 02 15 01 00202 . 6065 ~ 
- 01 15 01 00788 • 5885~ 
00 15 01 01422 .5859: 
0 1 15 0 1 00292 • 59851 
0 2 15 0 1 
* 
00043 .6264: 
03 15 0 1 000 74 • 6696( 
04 15 0 1 000 87 • 72 80 ~ 
05 15 0 1 00386 • 801 7 ~ 
- 0 7 15 02 00275 • 9400< 
- 06 15 02 00285 • 8506: 
- 04 15 02 00263 .7177: 
- 03 15 02 00636 . 674U 
- 02 15 02 0 1015 • 64591 
- 0 1 15 02 0009 1 • 6329" 
00 15 02 000 86 • 6352" 
01 15 02 * 00036 • 65281 
02 15 02 * 00034 .6857 : 03 15 02 
* 0003 1 • 73381 04 15 02 00551 • 7973: 
05 15 02 00 153 . 8760: 
- 05 15 03 00364 • 8339: 
- 04 15 03 00310 .78001 
- 03 15 03 * 00052 • 7415: 
- 0 2 15 03 002 16 • 7182! 
- 0 1 15 03 * 000 12 ·71 0 2~ 
00 15 03 * 00055 . 7175: 
0 1 15 03 00314 • 7400( 
0 2 15 03 00702 • 7779: 
04 15 03 00133 • 89941 
- 04 15 04 00 17 0 . 8753• 
- 03 15 04 * 00022 . 84171 
- 02 15 04 00 148 • 8234~ 
- 0 1 15 04 00293 • 8204: 
02 15 04 002 13 • 90301 
00 16 00 00159 · 6479: 
0 1 16 00 * 00043 . 6555" 
02 16 00 * 00030 . 6784~ 
0 3 16 00 00985 • 7166~ 
04 16 00 * 00038 • 770 1" 
- 06 16 01 00325 • 90951 
- 05 16 0 1 00396 . 8305: 
- 0 4 16 0 1 * 0003 1 • 766 7: 
- 03 16 0 1 00136 • 7182: 
- 02 16 01 00 118 • 6849~ 
- 0 1 16 0 1 * 00040 • 66 7 0~ 00 16 01 00 484 • 6643f 
0 1 16 01 00592 • 6 770( 
02 16 0 1 00304 • 7048 ~ 
03 16 01 0006 1 .7480~ 
73. 
H K L IFcl SIN20 
04 16 01 00137 .80652 
05 16 01 00157 . 88025 
- 04 16 02 * 00025 .79618 
- 03 16 02 * 00029 . 75265 
- 02 16 02 00108 .72440 
- 01 16 02 00403 .71143 
00 16 02 00277 . 71374 
01 16 02 00210 . 73132 
02 16 02 * 00028 .76419 
03 16 02 00919 . 81234 
04 16 02 00067 . 87577 
- 05 16 03 00306 . 91238 
- 04 16 03 00409 .85854 
- 03 16 03 00396 . 81998 
- 02 16 03 00150 .79671 
- 01 16 03 00041 .78871 
00 16 03 00606 . 79599 
0 1 16 03 00303 · 81855 
02 16 03 00297 . 85639 
- 03 16 04 00170 . 92022 
- 02 16 04 00365 . 90192 
- 01 16 04 00268 . 89889 
0 1 17 00 00288 .73909 
02 17 00 * 00024 .76201 
03 17 00 00625 . 80021 
04 17 00 00302 . 85369 
- 04 17 0 1 00296 . 85025 
- 03 17 01 00373 . 80174 
- 01 17 01 00189 . 75057 
00 17 01 00330 .74791 
01 17 01 * 00011 .76052 
0 2 17 01 * 00028 . 78841 
03 17 01 00367 . 83159 
- 04 17 02 00315 . 87971 
- 03 17 02 00813 . 83617 
- 02 17 02 * 00020 . 80792 
- 01 17 02 00198 . 79495 
00 17 02 * 00025 . 79726 
0 1 17 02 * 00023 . 81485 
02 17 02 * 00020 . 84771 
03 17 02 0020 1 . 89586 
- 04 17 03 00225 · 94207 
- 03 17 03 00224 · 90351 
- 02 17 03 00030 . 88023 
- 01 17 03 00043 . 8 7223 
00 17 03 00150 . 87951 
02 17 03 00156 . 93992 
00 18 00 00292 .82004 
01 18 00 00346 . 82768 
02 18 00 00191 . 85060 
03 18 00 00368 . 88880 
01 18 01 00102 . 83916 
00 18 01 00161 . 83649 
01 18 0 1 00048 . 84910 
02 18 01 00284 . 87700 
- 02 18 02 00095 . 89651 
00 18 02 00223 . 88584 
74. 
H K L It;/ SIN2Q 
01 18 02 00195 • 903431 
02 18 02 00298 • 93630• 
01 19 00 0003 1 . 92133 
02 19 00 00149 . 94425 
- 0 1 19 01 00154 • 932801 
00 19 01 00073 . 93014i 
00 20 00 00008 • 01240( 
APPENDIX III 
DETAILED C t.LCULATIONS FOR DETERMINING ACCURATE CELL DIMF.:'>lSIONS 
? 
PEAKS OBSERVED IN POWDER DIAGRAM OF PYRIDINE-BCL3 (PREPARATIOn 5) 
OBS. CALC. 
# 26 INTENSITY e Sin'o Sin'e hk1 
1 11.55 80 5.78 .01012 .01012 020 
2 15.32 19 7.66 .01777 . 01776 120 
3 16.92 70 8.46 .02164 .02165 11i 
4 18.76 6 9.38 .02656 .02658 021 
5 19.66 14 9.83 .02915 .02907• 101 
. 02924 121 
6 20.14 35 10.07 .03057 . 03056 200 
7 20.47 24 10.24 .03154 . 03160 111 
8 20.98 15 10.49 .03308 .03309 210 
9 22.86 10 11.43 .03927 .03923• 031 
.03919 121 
10 23.21 50 11.60 .04050 .04050 040 
11 23.61 8 11.80 .04186 .04190 -131 
12 25.10 7 12.55 .04721 .04719 221 
13 25.34 30 12.67 .04811 .04814 140 
14 26.32 10 13.16 .05183 . 05184 131 
16 27.63 5 13.82 . 05702 . 05695 041 
17 28.25 90+ 14.12 .05955 .05949 211 
18 29.73 22 14.86 .06582 . 06580 002 
19 30.31 23 15.16 .06834 .06834 012 
20 30.76 23 15.38 .07034 .07030 30i 
20a 31.32 3 15.66 .07286 .07283 311 
21 31 .45 23 15.72 . 07346 .07362 122 
22 32.01 4 16.00 .07602 .07593 022 
23 32 .34 9 16.17 .07756 .07756 241 
24 32.79 60 16.40 .07967 .07974• 231 
.07973 051 
25 33.37 2 16.68 .08244 .08239 15I 
76 
PEAKS OBSERVED I N POWDER DIAGRAM OF PYRIDI NE-BCL3 (PREPARATI9N 5) 
OBS. CALC. 
# 2Q INTENSITY Q Sin2 9 Sin•e hkl 
26 34.17 12 17. 08 .o8632 .08628 132 
28 35.16 11 17.58 .09118 .09112 060 
29 35. 53 7 17.76 .09304 .09307 33! 
30 36.63 7 18.32 .09875 .09876 160 
31 37.37 10 18.68 .10262 .10266 311 
32 38.04 11 19.02 .10628 .10630 042 
.10617 132 
33 38.85 13 19.43 .11066 .11079 341 
34 39.56 5 19.78 .11452 .11484 32~ 
35 40.81 5 20.40 .12156 .12133 41i 
.12167 260 
36 42.08 9 2l.o4 .12890 .12892 42! 
37 42.87 8 21.44 .13360 .13357 35! 
38 44.02 11 22.01 .14045 .14047 071 
39 44.44 16 22.22 .14300 .14313 17! 
40 44.50 4 22.25 .14338 .14331 113 
41 44.78 4 22.39 .14509 .14502 430 
42 45.70 5 22.85 .15079 .15078 41~· 
.15060 013 
43 46.32 5 23.16 .15457 .15457 270• 
.15461 I62 
44 46.64 5 23.32 .15671 .15675 242 
45 47.10 3 23.55 .15966 .15987 360 
46 47.38 5 23.69 .16144 .16141 36! 
47 47.69 12 23.84 .16336 .16341 351 
48 48.87 9 24.44 .17112 .17103 43~ 
49 49.39 6 24.70 .17455 .17453 322 
50 50.41 7 25.20 .18135 .18137 431 
51 51.45 4 25.72 .1.8833 .18856 043 
52 52.06 7 26.03 .19258 .19254 280 
77. 
PEAKS CHOSEN FOR THE SET OF SIMULTANEOUS LINEAR EQUATIONS 
h' A + k' B + 11 C 
- h1D = sin' 6-
1 + 4B = .01012 
2 A + 4B = .01777 
3 A + B + c + D = .02164 
4 + 4B + c = .02656 
5 A + c - D = .02915 
6 4A a .03057 
7 A+ B + c - D = .03154 
8 4A + B • .03308 
9 + 9B + c = .03927 
10 + 16B = .04050 
11 A + 9B + c + D = .04186 
12 4A + 4B + c + 2D = .04721 
13 A + 16B = .o4811 
14 A + 9B + c - D = .05183 
16 + 16B + c = .05706 
17 4A + B + c - 2D • .05955 
18 + 4c • .06582 
19 + B + 4c = .06834 
20 9A + c + 3D = .07034 
20a 9A + B + c + 3D = .07286 
21 A + 4B + 4c+ 2D = .07346 
22- + 4B + 4C = .07602 
23 4A + 16B + c + 2D = .07756 
24 4A + 9B + c - 2D = .07967 
25 A + 25B + c + D = .08244 
26 A + 9B + 4c+ 2D = . 08632 
28 + 36B D .09118 
30 A + 36B • . 09875 
31 9A + B + c - 3D = .10263 
78. 
CALCULATIONS FOR ACCURATE VALUES OF CONSTANTS A, B, C, D 
h' A + k' B + 12 C - h1D = sin' g 
Let h ... a 1 :;;:; c 8 = si.n' e 
k z b -h1 = d 
1: a' = 350 I ab = 256 1: as = 4.10566 
l b' = 4749 t:ao = 57 t:: bs = 16.55119 
t: c' = 96 z: ad = 31 1: es = 2.37085 
!d' = 57 2:' be = 178 1: da = .44564 
I' bd = 71 
I' ed = 19 
350 256 57 31 A 4.10566 
256 4749 178 71 B 
= 
16.55119 
57 178 96 19 c 2.37085 
31 71 19 153 D .44564 
.0285714 4.10566 0 256 57 31 A .0076405 
.000210571 16.55119 256 0 178 71 B .0025311 
= 
.0104166 2.37085 - 57 178 0 19 c .0164510 
.0175438 .44564 31 71 19 0 D .049735 
A :z 1.541' B = 1.241' c = 1.541' 
4a' si.n'p 4b' 4c sin'J3 
a' sin'~= 77.7004 b' :z 234.5502 e' sin' J3 = 36.0872 
a sin fi = 8.8148 b = 15.31503 e sin j3 = 6.0072 
a = 9.04002 c = 6.1608 
D :a 2(1.54)' cos 13 • cosp • .226806 ' • • 4ae sin2 J3 
sinjJ = .975085 
p• 77° 11'411 or 102°48 •5611 
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ABSTRACT 
The x-ray diffraction study of pyridine-boron trichloride 
unjertaken here constitutes the beginning of a structure de-
termination which will eventually result in a complete know-
ledge of bond distances and bond angles within the molecule 
and knowledge of the packing of molecules within the crystal. 
The 1:1 addition compound pyridine-boron trichloride was 
first reported by Gerrard and Lappert. Greenwood and Wade 
were among the first to study the physical properties of 
pyridine-boron trichloride. In the absence of direct evidence 
as to what ions are present and the extent of dissociation, 
four possible structures were inferred for pyridine-BC1
3
• 
- -+ ., -l Py2BC12 \ [ BC14 j was considered the most favorable for the 
molten state. However, a detailed examination of the infrared 
spectrum of the solid shows that the structure is probably 
more consistent with the formula c5H5N ----?BC13 • This was also 
the structure found by Zvonkova for pyridine-boron trifluoride. 
Zvonkova's structural analysis of c5H5NBF3 establishes 
that the unit cell is monoclinic with 8 molecules per uni t 
cell. The cell dimension~ are a = 17.71 i, b = 5.89 i, 
c = 14.34 i, jB = 118° 42•. The space group is C~h- P 21/c . 
The structure is of obvious interest since there is a possi-
bility that the structure of c5H5NBC13 may prove to be similar. 
For the structural study of pyridine-boron trichloride 
described in this thesis, five different preparations were 
used. Preparation 1 was obtained by direct reaction of the 
components in a vacuum line and subsequent recrystallization 
from water. Preparation 2 was purified by vacuum sublimation 
rather than by crystallization. Preparation 3 was obtained 
by subliming the material from preparation 1 in a vacuum 
line. Preparation 4 consisted of material from preparation 
1 which was recrystallized from ethanol, giving new crystals. 
One crystal from this material gave the cell parameters: 
dOlO= 15.1 i, dlOO = 5.5 i, c = 9. 8 i, ~ (100)(010) = 90°. 
Preparation 5 was prepared by direct reaction of 10.4 ml. 
liquid BC13 transferred into 10 ml. of pure pyridine in dry 
benzene as solvent. The reaction gave a compound which was 
crystallized from benzene and gave transparent, colorless 
crystals in the form of plates of a size up to 5 x 4 mm. 
and 1" thick. The crystals were non-hygroscopic. 
Using a single crystal of preparation 5 of approximate 
cubic shape and 0.15 mm. on edge rotation photographs and 
zero level Weissenberg photographs were taken using Cu 
radiation (A~~= 1.541 i), the rotation axis being a. 
The approximate cell dimensions derived from these films were: 
dOlO = 15.2 i, dOOl = 6.07 i, a = 9.02 i. 
The cell dimensions obtained from a crystal oriented around 
the c axis were: d010 = 15.1 i, d100 = 8.8 i, c = 6.14 i, 
A third crystal of preparation 5 oriented around the b axis 
gave the following cell dimensions: b = 15.1 i, d100 = 8.8 ~' 
d001 = 6 .o7 i. The f.J angle measured directly in the film was 
103°, indicating that the unit cell is monoclinic. 
Powder diagrams were indexed to obtain the most accurate 
cell dimensions. By least squares calculation these are 
found to be as follows: 
a = 9.04 i 
0 
b = 15.32 i 
c = 6.161 a 
' = 102°49' 
The unit cell contains four molecules of c5 H~-BC13 , giving 
an x-ray density of 1.58 gr/cm3 as compared with a measured 
density of 1.57 gr/cm3 • 
Weissenberg films were made of levels zero through five 
around the a axis and of levels zero through four around 
the c axis. The systematic absences observed on these films 
are OkO with k = 2n+l and hOl with h+l = 2n+l, leading 
uniquely to the space group P 21/n (C~h ). 
The unit cell axes found for the crystal of preparation 4 
above are seen to be consistent with the final choice of 
parameters. The 9.8 i spacing represents the diagonal 
of the a-c plane. 
The intensities of hkl reflections of all Weissenberg 
films were measured visually. The measurements were put 
on a single scale by means of 2 IBM programs using the 
method of Dickerson modified according to the suggestion 
of Rollett and Sparks. These programs also apply Lorentz-
polarization corrections to the observed intensities. The 
final scaled and corrected set consisted of 1088 inde-
pendent observed r2 values. Absorption corrections were 
not made at this time, but may be made later when electron 
density maps are to be computed. 
Of 4 structural possibilities inferred for pyridine-
BC13 no dimer has a molecular center of symmetry and it 
was concluded that the structure of pyridine-BC13 most 
probably consists of monomers, and that all atoms are in 
the general fourfold x y z positions. 
In order to determine the atomic positions, particular-
ly of the chlorine atoms, which have the highest scattering 
factor, a 3-dimensional Patterson map was calculated by 
means of two IBM 7090 computer programs. The first pro-
gram calculates the sharpened Patterson coefficients; the 
second program employs these coefficients to compute the 
three-dimensional Patterson map. The equation for a three-
dimensional sharpened Patterson function (53) is: 
P(uvw) = ! l It.F2 
V " " ~ sharpened cos 2'ft ( hu + kv + lw) 
The output obtained consists of a series of slices of the 
Patterson function . The slices are perpendicular to the 
b axis at intervals of b/120 ~. The numerical values of 
P(uvw) are printed at grid points a/60 and c/60 along 
the a and c axes. Contour lines connecting points of 
equal "vector density" were then drawn to make the peaks 
in the map clearly visible. 
Any atom in the general positions x y z in the space 
group P 21/n has equivalent positions at xyz, ~-x ~+Y ~-z, 
and ~+X ~-y ~+z. Therefore the following vectors arise 
be tween atoms of one equivalent set: 
2x 2y 2z (double weight) 
~ - 2x, ~- 2z (double weight) 
~ - 2y, (double weight) 
A Harker plane thus occurs at v = ~ and a Harker line is 
located at u = ~' w = ~. 
Four sets of Cl-Cl peaks found from the Patterson 
maps give the following values for the possible parameters 
of Cl atoms: 
x/60 y/120 z/60 
Cli 13.4 16.5 1.8 
Clii 12 . 5 21 7.2 
Cliii 27 16.2 1.3 
Clrv 23.5 17 5 
Naturally, since there are only three and not four sets of 
chlorine atoms in the unit cell, one of these sets would 
have to be eliminated. This can perhaps be done on the 
basis of Cl-cl vectors between chlorine atoms of different 
sets. The following must also be kept in mind: since so 
far all information concerning parameters is based on 
values of ~-2x, ~-2y, and ~-2z, it is possible for each x to 
be changed to ~+x, each y to ~+y, and each z to ~+Z with-
out changing the position of any resulting interatomic 
vectors. This gives a rather large number of possible 
combinations for the x 1 z values of each set of chlorine 
atoms. All these combinations are to be tested, using in 
addition the knowledge that chlorine atoms should not be 
at distances closer than 3.0 i. 
The search for appropriate chlorine positions is in 
progress. 

